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ABSTRACT 


The results of a sampling program designed to 
determine the atmospheric contribution to the nutrient 
loading of Hastings Lake, central Alberta, is described. 
Wet and dry deposition samples were analyzed for total 
hitrogen, total; phosphorus, the major ionic forms .of 
nitrogen and fphosphorus, the silica, sodiun, potassiun, 
iron, sulfate, and chloride ions, and several cther water 
property tests (pH, conductivity, hardness, and total 
residue). Both wet and dry deposition were manually sampled 
on an event basis. Bulk snow samples were also ccoilected in 


the winter. 


The results showed that the atmospheric ccntribution 
to Hastings Lake is significant. Dry depositicn is more 
important than wet deposition during the snow free season. 
The opposite is true when the ground is covered with snow 
which implies that dry deposition is influenced by 
cultivation and other surface sources that do not act when 


there is a snow cover. 


The total phosphorus and total nitrogen annual fluxes 
were high, There is no indication that,after a reduction 
factor accounting for biclogical contamination is applied, 


the fluxes found are unrealistic, Atmospheric deposition 
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frocesses contribute over half of the total phosphorus 
annual load, The proportion varies inversely with 


the amcunt of runoff and groundwater seepage to the lake. 


An attempt was made to correlate the wet deposition 
concentraticns with meteorclogical variables. The. “results 
were inconclusive. Suggestions to improve this work and for 


further study are included. 
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CHAPTER 1. INTRODUCTON. 


1.1 Eutrophication. 


Eutrophication is characterized by the overabundant 
growth of plants in bodies of water (Vallentyne, 1974). 
These plants are autotrophic, i.e. they use inorganic 
nutrients to form organic material (Ruttner,1963). Their. 
lush growth causes a decrease in water quality by increasing 
the mass of organisms in the water, changing the species 
present to less desirable forms, decreasing the transparency 
of the water, and decreasing the oxygen content 


(Vollenweider, 1968). 


Plant production is determined by the concentration 
and type of nutrients present, the amount of dictasn’ 
sunlight, the water temperature, the health of the plant 
community, and the effects of animals (Vallentyne, 1974). 
These growth factors are a function of the climate, the 
nutrient supply to the lake, the geology of the drainage 
basin, the configuration of the lake, and the biomass within 


the lake (Gorham, 1961). 


Nutrient supply is the most important factor and the 
one most likely to be influenced by man's activities 
(YVallentyne, 1974). The general increase in human 


population and the resultant wastes have caused some lakes 
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to deteriorate very quickly and others to show initial signs 
of poorer water guality (Vollenweider, 1968). This has been 
a problem in the past. For example, one Roman aqueduct had 
undrinkable water. The first water company in New York City 
was formed in 1774 to give residents better quality water 
(Weidner, 1974). In the past it has always been poseib le to 
go to new sources of water, but this is increasingly 
dvifticuit. today. We must maintain the quality of the 


available water supplies. 


One simple scheme classifies lakes by water clarity. 
Dystrophic lakes are stained a brown tea colcr by rah humic 
matter. Clear lakes are further classified by production. 
Oligotrophic lakes are low in production. Eutrophic lakes 
are highly productive, which often reduces water clarity by 
the sheer bulk of. plants present. Other characteristics of 
eutrophic lakes are shallow, wide basins, considerable 
mixing by wind, a reduction of species diversity and 
tremendous production at all ievels of the food chain 


(Vallentyne, 1974). 


1.2 Nutrient Loading. 


——<—- 9 < 


According to the "law of the minimum", productivity 
is limited by that essential nutrient which is available in 
the smallest amount at any given time (Ruttner, 1963). The 
concentration of nutrients can vary more than any of the 


other previously mentioned growth factors for a given 
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locaticn. It is therefore very important to accurately 
determine the lake's nutrient loading, i.e. the mass of 


nutrients entering the lake. 


Inorganic nutrients are present in most bodies of 
water in quantities large enough for maximum plant 
production and growth, however, phosphorus, nitrogen, and 
carbon are the paeontiat elements that normally limit 


production (Vallentyne, 1974). 


Plants utilize nutrients as ions in water solution. 
Orthophosphate is the most readily assimilated phosphorus 
ion, although some plants could possibly utilize organic 
phosphate! (Kramer et al., 1972). Ammonium and nitrate are 
the nitrogen forms used (Brezonik, 1972). Carbon is 
aSSimilated as the bi-carbonate ion or as carbon dioxide 
(Kerr et .al., 41972) « Hydrogen, oxygen, potassiun, 
magnesium, sulfur, calcium, and silica must be present in 
fairly large amounts. Elements that must be present in 


trace amounts are manganese, iron, copper, zinc, boron, 


molybdenum, chlorine, vanadium, and cobalt (Sanders, 1972). 


Phosphates are found in DNA and RNA, while elemental 
phosphorus is present in many cellular compounds asa 
structural part of cells and is used in cellular metabolism 


(Vollenweider, 1968). Organic phosphate is bound in complex 


1 Appendix A gives a description of the ionic forms and 
methods of anaiysis. 
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biological products, while orthophosphate is ina readily 
assimilated form. Condensed phosphates must be broken down 
by acid hydrolysis before use by plants (Kramer et al., 


HIF 2)85 


Ninety five percent of the world's phosphorus is 
directly or indirectly due to the weathering of rocks, 
primarily the mineral apatite (Day, 1963). Chemical 
weathering frees phosphate for use by organisms which in 
turn concentrate it through a series of trophic levels, 
e€.g., in the guano islands off Peru, in fossil deposits, and 
by man (Ruttner, 1963). The major source of Bicsonocus in 
lakes is from man's activities, as detergent wastes and from 


agriculture (Kramer et al., 1972). 


Biological processes control the nitrogen cycle. 
Nitrogen is one of the components of protein and as such 
makes up twelve percent of the dry weight of animals and 
three percent of plants (Day, 1963). Bacteria on the 
earth's surface act both as a source and sink for nitrogen. 
Some fix nitrogen from the atmosphere and others convert 
amino acids into ammonia. Photochemical oxidation converts 
the atmospheric ammonia to nitrite and finally into nitrate 


(Syers, 1966). 


Carbon is present in the atmosphere as carbon 
dioxide, and in the oceans and iakes draining limestone 
areas as the carbonate ion. Sul#ecs .ist tan essential 


component of protein, usually absorbed by plants as the 
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sulfate ion (Day, 1963). Silica is important for some plant 
species, particularly diatoms (Ruttner, 1963). Potassiun, 
sodium, calcium, iron, and magneSium are essential to life 
for use in cell metabolism reactions or as constituents of 
the cell (Hutchinson, 1957). The trace elements mentioned 
previously are of great significance to productivity, but in 


ways not entirely understood (Ruttner, 1963). 


Eutrophication is too complex to be closely related 
to nutrient fluxes, but Yollenweider (1968) has established 
some general threshold values for nitrogen and phosphorus 


loadings. Table 1.1 shows total nitrogen and total 


Table 1.1 Speciric loading values for lakes expressed as 
total nitrogen and total phosphorus 


Mean Depth Permissible Loadings Dangerous Loadings 


up to (Gms ayn!) -(gn-syre%) tong eyo) (gma<yr—*) 
(m) ToteliNreTotatge TOunea Nae Totals se 
5 1. 0.07 2.0 0.13 
10 es) 0.10 Sint) 0.20 
50 4.0 Gx25 Sh he) G.50 
100 6.0 0.40 Tee C. 30 
150 Les 6.56 1530 1.0¢ 
209 9.0 0.60 qrsign Te2 


After Vollenweider (1968). 


phosphorus threshold loading levels for different mean lake 
depths in gm?year-?. Total nitrogen is the sum of the 
total kjeldahl nitrogen, nitrate and nitrite concentrations, 
both particulate and dissolved (Uttomark -et al., 1974). 


Total phosphorus is calculated by dividing the total 


eb’ Monsen gi40 
2 


phosphate ion by 3.06 (American Public Health Association, 


1971). 


Nutrient sources are grouped into two large 
categories, point and area sources. A point source releases 
effluent from a smal region and it diffuses outwards, 
@.g. a sewage pipe (Vollenweider, 1968). Area sources can 
be further classified into natural and artificial sources. 
Unpolluted streams, runoff from grasslands and forests, 
ground water and atmospheric deposition all add small 
quantities of nutrients naturally. Some artificial, diffuse 
sources are agriculture, urban areas, and additions to the 
natural groundwater and atmospheric loadings by pollution 


(Uttomark et al., 1974). 


Figure 1.1 shows a schematic version of the nutrient 
sources to a lake. The values assigned tc each flux are 
estimates from literature studies by Vollenweider (1968) and 
Uttomark et al., (1978). It. 2s amporptane to note. -that ‘the 
flushing time or time in which the basin's water is renewed 
and the configuration of the basin will vary these 
estimates. Even Smaller concentrations will be dangerous if 
there is little inflow and outflow to the lake and the basin 


is such as to allow maximum use of light. 
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1.3 Atmospheric Chemistry. 


Aerosols are dispersed solids or iiguids ranging in 
size up to 20K. which, when combined with many different 
gases, make up the atmosphere. The most abundant 
constituents of the atmosphere are nitrogen and oxygen with 
argon and carbon dioxide present in large and relatively 
constant amounts. The most important variable constituent 
is water vapor, but man's activities can locally add many 


gases and aerosols. 


The four major sources of gases and aerosols in the 
atmosphere are combustion, biological activities, surface 
disruptions, and conversions within the atmosphere (Cadle, 
1966). Wet removal by precipitation, surface removal and 
chemical transformations within the the atmosphere, all act 
as Bonk mechanisms (Slade, 1968). Surface removal can also 
be called dry deposition and covers any nen-precipitation 
process. The dry-deposition rate (D) is related to air 


concentration by 3: 


D=XV4 4 (1.1) 


where X is the concentration near the ground (gm-3) and 
Vy (ms-1!) ais deposition velocity for the contaminant being 


studied (Chamberlain, 1960). 


Wet deposition results when precipitation processes 
renove contaminants. The wet-deposition rate (D') is 


determined by : 
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D’= kRA, (1.2) 


where k is the concentration of the contaminant (gm~3) in 
precipitation, R is the rainfall amount (m),and A is the 


area affected (m2). K can be calculated using 


k= w Xp" (4.53) 


where w is the washout ratio, X is again the concentration 


near the ground, andy is the density of air (1200gm~3). 


The residence time is defined as the period of time 
in which a specific contaminant remains in the atmosphere 
and is a function of the properties of the contaminant 
(Junge, 1963). A large particle normally settles out within 
a few hours, while insoluble gases can have residence times 


of several years. 


Combustion may be broken ‘down into two processes, 
sublimation and mechanical disruption. Sublimation occurs 
when heating causes the volatile constituents of the fuel to 
be vaporized. This causes a large supersaturation of the 
volatile material which in turn forms many small 
particulates (Fletcher, 1969). Release of the volatile 
component leaves a fragile framework which is broken up by 
turbulence associated with the release of heat. The 
mechanical disruption releases a smaller number of large 


particles. 
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Nitrogen oxides, sulfur dioxide, and ammonia are 
released by burning fossil fuels (Mason, 1971). Phosphorus 
and chlorine aa also be liberated while calcium and sodium 
are present in the fly ash. Sulfur dioxide is primarily 
released by smelters, natural gas processing, and pulp mills 
in Canada (Summers and Whelpdale, 1975). Forest fires 
release sulfur dioxide and ammonia, and volcanoes produce 


sulfur dioxide (flason, 1971). 


Biological activities continuously cycle different 
elements. Photosynthesis uses sunlight and inorganic 
nutrients to produce organic compounds. Other processes 
e.g., transpiration, respiration, and nitrogen fixation, can 
change atmospheric components while the organism is alive, 
as well as produce. hydrocarbons such as terpenes. The 
decomposition of dead organisms and the release of inorganic 


ions completes the cycle. 


Oxygen, carbon dioxide, and nitrogen are the major 
constituents of the atmosphere related to biological 
processes. Hydrogen sulfide, ammonia; and many other 
compounds are released by decay (Mason, 1971). Respiration 
of animals and plants, and photosynthesis of plants cycle 


oxygen and carbon dioxide. 


Gases released over the oceans and continents are due 
to biological activities or evaporation. Particulates need 


mechanical energy to be entrained in the atmosphere. Air 
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bubbles in foam and sea spray from breaking waves produce 
many particulates over the oceans, and agricultural 
practises can greatly accelerate the wind scavenging of 
soil. Sulfate, chlorine, potassium, sodium, aluminum, iron, 
phosphorus, and nitrogen have all been found in airborne 
soil particles (Junge and Werby, 1958; and Gorham, 1975). 
The concentration of a wet-or dry-deposition sample is 
related to the local soil composition, the available 
mechanisms for entraining the soil, and the pocoecie tor 
mechanisms. High concentrations of phosphorus have been 
related to rich soils (Kerekes, 1973). Cultivation in the 
American nidwest is responsible for highly alkaline 
precipitation samples there (Junge and Werby, 1958). Severe 
storms can entrain large amounts of soil which causes large 
loadings, but long-range transport of soil particles is nore 


efficient when there is little precipitation. 


Conversions in the atmosphere can vary the 
concentrations of different compounds. Sulfur dioxide 
reacts with water to produce sulfuric acid which in turn 
combines with ammonia to produce ammonium sulfate, the most 
common aerosol (Mason, 1971). Photochemical reactions, 
particularly for nitrogen compounds, are important. At high 
temperatures nitric acid forms if nitrogen, oxygen, and 
water are present (Eriksson, 1952), and lightning has been 
considered a source for nitrate by this reaction. 
Hutchinson (1944) postulated that 14% of the nitrate found 


in an Oklahoma storm was due to this source. Howevel, 
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Viemeister (1960) did not find any correlation between 


lightning and nitrate concentration in New York State. 


Wet deposition encompasses all sink mechanisms 
associated with precipitation and precipitation processes. 
Rainout, caused by condensation of water around an aerosol 
nucleus, is the most efficient scavenging mechanism 
{Pruppacher, 1973). Other removal processes within clouds 
are Brownian motion, coagulation and the water-vapor 


gradient effect (Junge, 1963). 


Precipitation falling beneath clouds - removes 
contaminants by a process called washout. The reiationship 
between this process and radioactive particulates has been 
studied extensively (Greenfield, i957). Each drop fails 
corough)}alvyolume36or wair7secollectang, a Tiraction? \of the 
particulates in that volume as a function of the droplet 
diameter, the number of particles that actuaily strike the 
drop, and the number of particles that are retained after 


striking the drop (Slade, 1968). 


The rainout and washout of particles by snow is about 
three times as effective as that by rain for the same 
precipitaticn rate (Engelmann, 1968). In Alberta, lower 
sulfur concentrations have been found in snow than in fain 
(XKlenn nad Barillot, 1975; and Summers and Hitchon, 1971). 
The explanation is that precipitation rates in the Alberta 
winter are much smaller than during the rest of the year, 


and gaseous absorption by snow is much less than that of 
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rain because the reaction rates are reduced in cold weather 
(Engelmann, 1968). There is evidence also to suggest that 
convective showers are the most efficient Scavengers 


(Whelpdale and Summers, 1975). 


Gases may also be collected both in the cloud and 
below it. The efficiency with which gases may be collected 
aS) PEetmarity <a function’ of the gas. The solute gas 
diffusivity and eguilibrium solubility of the absorbed gas 
in water are important, as well as the size of the 
collecting droplet and the concentration of the gas (Postma, 


1970). 


Dry deposition occurs at the surface of the earth. 
The flux of a contaminant to the surface can be expressed by 
Chamberlaints (1960). expression (1.1). The concentration 
and dry deposition rates are functions of the mixing height, 
uixing rates within the atmosphere, and source 
concentrations (Scriven and Fisher, 1975). Whelpdale (1974) 
showed dry deposition to be a significant contributor to the 
total loading of lakes. Whitehead and Feth (1964) and Zeman 
and WNyborg (1974) both showed that dry fallout was 


influenced mainly by local sources. 


Sedimentation or gravitational settling is important 
for large (1-204 m) aerosol particles. Particles entrained 
in the atmosphere but too small to settie out are deposited 
by impaction. This occurs when the flow around an object is 


too sharp for entrained particies to follow. 
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Aerosols coagulate, forming larger particles due to 
Brownian motion, diffusiophoresis, and thermophoresis. 
These larger particles are more susceptible to removal by 


the processes listed above. 


Gases may be removed by direct uptake by plants at 
the surface or even the soil (Nyborg et al., 1975). Removal 


can also occur to maintain equilibrium in bodies of water. 


Removal within the atmosphere has been explained. 
earlier aS a source and it is obvious that it can also be a 
Sink. Gases diffusing upwards through the atmosphere can 


escape into space also. 


1.4 Previous Work. 


oem Same Se eee 


Precipitation chemistry literature is very extensive 
but, for the most part, is not applicable to nutrient 
loading studies. Vollenweider (1968) notes three problems 
with the literature. The use of different analytical 
techniques makes comparison of results difficult, because 
the different methods often give incompatible results. For 
nutrient loading studies the choice of analyses and 
nomenclature used must be carefully selected. Lt4 «iS »salso 
important that application of statistical techniques does 


not cloud the essential results. 


Extensive networks for precipitation chemistry were 


established in Scandinavia, the United States and, nore 
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recently, world-wide by the Yorld Meteorological 
Organization (WMO). The Scandinavian system measured the 
ionic content of rain and was particularly useful in 
determining industrial effects (Eriksson, 1952 and Egner et 
ale, 1955). In the United States, a nationwide network 
sampled rain to determine spatial distributions (Junge and 
Gustafson, 1956 and Lodge et al., 1968). Both programs 
showed the need £6 global background data and a study of 
pollutant transport across international boundaries. | The 
WMO has started a monitoring network to determine the 
residence time, background concentration, and global 
distribution of specific contaminants (Olson and Berry, 


1975). 


Acid rain can adversely affect aquatic systems mainly 
by changing the water pH such that sensitive plants and 
animals cannot survive (Gorham, 1975 and Sweden, 1971). In 
Canada, the Sudbury ore smelters are responsible for the 
elimination of certain fish species and a general decline in 


productivity of nearby lakes (Beamish, 1975). 


Atmospheric nutrient loadings have been determined in 
England (Gorham, 1961), New Hampshire (Fisher et al., 1968) 
and Iowa (Tabatabai and lLaflen, 1975). The atmospheric 
contribution to the total loading of iakes is Significant 
where the chemical weathering in the drainage basin is low 
(Gorham, 1961), where the lake occupies a large proportion 


of the drainage basin (Murphy and Dosky, 1975) or where 
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man's influence is small (Kramer et al., 1972). 


Despite the importance of nutrient loading, no 
program has sampled all nutrient sources within a basin for 
a total budget. The usual approach has been a detailed 
measurement of one cc more nutrient fluxes for a specific 
lake, combined with a literature survey to obtain the 


complete budget (Jonasson, Lastein and Rebsdorf, 1974). 


Nutrient budgets are calculated by measuring enon take 
area, drainage basin area and water balance. This 
information gives the flushing time of the lake, and inflow 
and outflow rates. Nutrient sources within the drainage 
basin are estimated as per capita loadings (Vollenweider, 
1968) or loadings per specific area (Uttomark et al., 1971). 
These nutrient loadings combined with the physical lake data 
give mass budget information. (See, for example, 


Vollenweider and Dillon (197%) .) 


In British Columbia, a nutrient balance was 
calculated on the assumption that the atmospheric 
contribution was negligible (Patalas and Salki, 1973). A 
similar study in western New York explicitly calculated the 
atmospheric contribution which was found to be small 
(Stewart and Markello, 1974). At least three studies have 
found the nutrient content of snow to be a Significant 
contribution to the nutrient budget. The concentration of 
total nitrogen in snow was over twice that of Lake Tahoe 


water (Dugan and NcGauhey, 1974). In Ontario, two separate 
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nutrients in the winter (Schindler and Nighswander, 1970 and 


Barcia and Armstrong, 1971). 


vT ‘: re 


to evaness ce ted, “64 aenda. 7 


bag Giet «zs diye ad 1 LE. beg ; 


. 
=) Sy, 


5 
yO : 


18 


The Cooking Lake moraine is located in central 
Alberta about 25km east of Edmonton (Fig. 2-1). The 
moraine, a remnaat of the Keewatin continental glacier, 
consists of glacial till up to 25m thick. The original 
coniferous forest was burned or otherwise cleared by the 
first settlers in the moraine about 1890. Since that time 
most of the land in the moraine has been used for grazing or 
has become deciduous forest. Today, the recreational needs 
of the city are bringing increased development to the 


moraine. (E.P.E-C., 1971) 


The lakes in the moraine are subject to large 
variations in water level. These variations preclude any 
large-scale development. Lake levels were high in 1880, 
1900, and 1960, but were low in. 1865,~._1895, and 1930 
(Environment Conservation Authority, 1971). In 1970, lake 
levels were low enough to curtail use of the Cooking Lake 
Seaplane base, and at that time, a petition signed by over 
500 people was submitted to the Alberta government asking 
for action to reclaim the watershed (Environment 


Conservation Authority, 1971). 


An economic analysis of the costs and benefits of a 
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water stabilization scheme was prepared in response to the 
petition (E-P.E.C., 1971). Water importation from the North 
Saskatchewan and from deep wells was suggested as possible 
means of augmenting lakewater levels. Public hearings were 
held in 1971 to explain the proposals and to obtain public 
input (Environment Conservation Authority, 1971). At that 
time it became apparent that, in addition to the fluctuating 
water levels, the water quality and growth of aquatic weeds 


and algae were also problems. 


A large interdisciplinary project was set up in late 
1971 to assess the impact of a water-stabilization scheme 
and to develop a proposal for the conservation of the area's 
resources. This project was separated into several parts. 
A comprehensive land inventory and proposal for land zoning, 
detailed proposals for specific water-stabilization schemes, 
and several studies of the current status of the lakes were 
included (Alberta Environment,1974). At this time (July, 
1976), the projects have, for the most part, been completed 
and are being prepared for submission to the Minister of the 


Environment. 


Zed Cooking Lake Aquatic Study. 


The first section of the aguatic study considered 
water quality and aquatic weed and algal growth problems on 
seven lakes in the Cooking Lake Moraine with particular 


emphasis on the phytoplankton primary production. This 
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research was done on a grant to Dr. D.N. Gallup from the 
Pollution Control Division of Alberta Environment. The 
second portion of the study was a detailed investigation 
centering on the Hastings Lake area. Participants in the 
program were from the Departments of Botany, Geography, 
Geology, and Zoology, of the University of Alberta. This 
was done on a grant to the Water Resources Centre funded 


jointly by Alberta Environment and Environment Canada. 


The second portion of the study concentrated on 
Hastings Lake where detailed biotic, chemical, and physical 
sampling programs were centered. The aquatic life in the 
lake was studied in detail and chemical analyses of water 
were taken throughout the year. In addition, profiles of 
temperature, conductivity, and light penetration were taken 
to describe the physical conditions of the lake. The 
Geology Department drilled a series of wells around the 
lake, which measured water flow and nutrient flux in the 
surrounding acquifer. Studies of the water use and snow 


melt runoff were conducted by the Geography Department. 


This thesis describes a study of the atmospheric 
contribution to the nutrient loading of these lakes. 
Although several atmospheric nutrient loading studies have 
been done in various parts of the world, there are no data 
for the Prairie Provinces. No other study has included an 


analysis of such a wide range of compounds and ions. 


The final result of the Cooking Lake Aquatic Study 
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will be a comprehensive description of the existing 
conditions of the lake. it should also be possible to 
understand the relationship between the aquatic system and 


local and regional land use. 
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CHAPTER 3. MEASUREMENT OF ATMOSPHERIC DEPOSITION 


3.1 General Considerations. 


Atmospheric chemistry is a study of the natural and 
artificial components of the atmosphere, the processes that 
add or remove components, and the motion and interaction of 
these components while they are present in the atmosphere. 
Sampling wet and dry deposition can estimate the amount of 
material being added to the surface from the atmosphere. 
This project sampled wet and dry deposition for some of the 
common nutrients necessary for plant production in the 


Cooking Lake moraine area of central Alberta. 


The sampling program was set up we study the seasonal 
variation of nutrient loading, the relative proportions that 
are present in wet and dry deposition, the effects of the 
CLEY and meteorological variables on the nutrient 
concentrations, and to give a total annual loading flux for 
the lakes in the Cooking Lake moraine. This information has 
not yet been studied in detail for the Prairie Provinces; it 
could be used to determine a nutrient budget for lakes in 


the moraine. 


The possibility of contamination is high because of 
the low concentrations of nutrients in the samples. It is 


important that collecting procedures and equipment minimize 
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the possible sources of contamination and that storage does 
not change the concentrations in the samples. Standard 
analysis methods of the American Public Health Association 
(1971) were used to analyze the nutrients. It is expected 
that errors in the analysis procedure will be much smaller 
than those introduced by collection and storage (Galloway 


and Likens, 1975). 


The wet~ and dry-deposition samples collected were 
analyzed for major nutrients and several water properties. 
Primary consideration was given to complete phosphorus and 
nitrogen tests. Total phosphate, orthophosphate, -condensed 
phosphate, organic phosphate and total kjeldahl nitrogen 
were analyzed both in filtered and non-filtered form. The 
nitrate and nitrite ions, ammonia nitrogen, and organic 
nitrogen completed the primary analysis. In addition the 
ions of iron, Silica, sulfur, potassium, sodium and chlorine 
were analyzed. Conductivity, pH, total and filtrable 
residues, total hardness and hardness as calcium completed 
the water properties measured. A summary of the methods and 


nomenclature used is in Appendix A. 


3:2 Sampling... 


The focal point of the study was Hastings Lake, 
Alberta. The sampling sites were located along a line 
roughly parallel to the prevailing wind direction, because 


Hastings Lake is only 40 km from the petrochemical plants, 
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industries and other human activities in Edmcnton. One 
Station was located at Hastings Lake with neighboring 
Stations at Twin Island Lake and Lindbrook in a rough line 
with the city (Fig. 2.1). One site was located on the 
other side of the city, in Woodland park, as an Aadieonal 


point of reference. The sampling sites are listed in Table 


Bebe 
Table 3.1 Site Description 
Site Description Location up cee 
1 Uncultivated open field 9 km E of Lindbrook 
NEVO 5I= 20) Wie 
Pe Wooded island, Skne Soe Of Deville 
Hastings Lake NB26-51-20' WG 
3 Woodland Park, 10 km WNW cf Woodbend 
acreage subdivision NES 2625 1-27) 4h 
4 Open field (oats grown) 1 km NE Twin Island Lake 
NW 10-52-22 Wa 
é Residential area Doth AVe. ort -HOaSth «St, 


WitodneGt ty 


If accurate rainwater concentrations are desired, 
then separation of wet and dry deposition is essential 
(Galloway and Likens, 1975). This is particularly important 
for a nutrient loading study. Nutrients in wet deposition 
are readily available for aquatic system use, but dry 
deposition adds nutrients that must go into solution before 
use. A bulk collector does not accurately represent either 


Situation because both wet and dry deposition are mixed 


within the sample. 


as 


ono .049 itontE a seceat 


vet otipenns ny th oved 

aunt Aypot «FE devirndd sagll A 
SS | 

me ob bamaoee Rew’ eel: 


tamed bhi a aa aoe” 


* 


antes at puede ous ey" 


n f J 
ah ee ae 
Se a ne ee co — . 

: 


nats 7 “Cate oay ie - =p 5 
iis dated, FS vi ee Fe 
ou eS Shar Jey a 
ee 
vir ih wee ee way 


eer “3 oMe, “2 . 
ae REPRE eh i 


=~ fe ¥ 


Sel Saaeles Bee aa 


“gy aE 3 sai oY ha 
re AS0GS be cou RTs 


crt cenit iy ep eh ean acai pa 


: 7 re. mi, fi 7 : : S os b's a 
Sahehienh te owas aataneton eiiddeee sens We Le 

P, 
Entaniees 2&3 roavieoqed (9sh) hat . tev Gh patsesanes eeele , 


tum sxogi vi peiast jug et aaa? ica ner bas yaund Paap! 


- — 


ab 


. . i. ey ap - a 


gatiispyget gee ne ediorsi¢ Sree tows § wed sub) 3900 : . a 
| en sui sey gereye? D>ivaegs mw edi uikeye yithees Pin is. 
egots! soivaies anh oo cet: 1688 ene Hite Robe teogen: . 
aea*is § ): ong ayey ese xgaob: sexe Perey TeIs ay abae. & Ste 
ie ore Rahn TOG ee Ta “bes __— Dost ea oe poiseagia 


xz eet a ei 


= 


fw a qenee add wiasav 


- 
: i 
j. 
=) 


> 


26 


Wet- and dry-deposition samples can be separated in 
several ways. Junge and Gustafson (1957) exposed collecting 
funnels only during precipitation. Georgii and Weber (1960) 
excluded the effects of dry deposition by rinsing collecting 
surfaces with distilled water daily. Large-scale programs 
with many stations do not lend themselves to these manual 
procedures. To circumvent handling problems, automatic 
Samplers have been designed that Open only during 
precipitation. Unfortunately, these samplers can introduce 
a whole new set of problems. (See, for example, Olson and 


Berry (1975) .) 
An atmoSpheric chemistry sampling progran has many 
possible sources of errors. Among the known problems are: 
A) Statistical sampling errors due to a limited data 
base. 
B) Modification of samples by sampling methods. 


C) Local contamination of samples. 


D) Modification of sample by coilection and storage 


materials. 
FE) Sample changes due to storage. 


F) Chemical analysis errors. 
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Fifty-five precipitation samples, seventeen dry 
deposition and four bulk snow samples were collected 
between 15 May 1975 and 2 May 1976. Time, money, and 
manpower restrictions limited the data base to these 
samples. The results may not be representative of the 
long-term normal conditions in the moraine. If this year 
was abnormally “dirty", e.g. due to local road 
construction or unusually dry conditions. concentrations 


could be higher than normal. 


Dry deposition can occur by sedimentation, 
impaction, or gaseous absorption at the surface (Van der 
Hoven, 1968), which makes its sampling difficult. 
Rinsing an exposed collecting surface with distilled 
water (Whitehead and Feth, 1964) measures particulate 
sedimentation but does not measure impaction or gaseous 
diffusion. Even aS a measure of sedimentation there are 
difficulties associated with the height of the collecting 
surface, turbulence caused by the sampling structure, and 
collecting efficiency of the surface which can alter 
measured concentrations. High-volume samplers can be 
used to measure air concentrations which will estimate 
deposition rates (1.1), if the deposition velocities are 


known (Nyborg et al., 1975). 


Another approach to the problem has been to model 
the surface by setting out Samples with known 


concentrations and measuring the change after exposure. 
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This has been done with moss (Nyborg et al., 1975), soil, 
distilled water (Shipley, 1975) and for a snow surface 
(Batta and Le Clerc, 1934). All of these studies 


examined the sulfur dry-deposition flux. 


The atmospheric contributions to Hastings Lake 
were Simulated by exposing pans (0.3m?) of distilled 


water set up on frames (Fig. 3.1). In principle, this 


0.3m 


Figure 3.1 Dry deposition sampler 


method should be capable of including the dry-deposition 
fluxes due to sedimentation, impaction, and gaseous 
absorption processes. Problems remain, however. No 
attempt was made to model the physical characteristics of 


the water, e.g-, temperature and pH, which could affect 
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the gaseous absorption rates. Aliso, turbulence caused by 
the lip of the sampling pan could affect the 


sedimentation and impaction of particles on the surface. 


Wet-deposition collectors should be designed so 
that samples large enough to compiete the required 
chemical analysis are obtained, and no changes in the 
Sample occur as a result of collection. A typical 
automatic Sampler can collect six sequential 300ml 
Samples using a funnel (area approximately 0.008m2) for 
12.4mm of rain (Zeman and Nyborg, 1975). Splashing water 
from non-collecting surfaces to the collector can be a 
problem, particularly in automatic samplers where a 
build-up of dust occurs (Galloway and Likens, 1975). 
Organic compounds and pesticides should be sampled on 
glass, while cationic samples are best esapled on plastic 


(Galloway and Likens, 1975). 


Wet deposition was collected in this study by 
manually exposing polyethylene sheets (2.7m?) during or 
at the start of precipitation. The polyethylene sheets 
were mounted, at the four main Sites menticned 
previously, on a wooden frame covered with canvas (Fig. 
3s2)< eral exposure and the height of the sampling 
surface minimizes contamination due to dry deposition and 
ground splashing. The large collecting area was needed 
because a compiete sample required 2400m1. The 


polyethylene surface should not contaminate the ionic 
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FEGUES Ss 2 Wet deposition sampler 


forms that were analyzed. The metal clips that clamped 
the sheet to the frame could be a source of contamination 
but most of the time the clamps were placed below the 
collecting surface. Periodic inspection insured that no 


contamination resulted from unexpected sources. 


Summer precipitation in central Alberta is 


associated mainly with convective showers {Longley, 
UST lijes A mobile unit was used to intercept showers not 


passing over the four fixed sites. A quarter ton pick-up 
truck was used for the mobile unit. At *the: start “ot 
precipitation a polyethylene sheet (2.7m?) was placed on 
a wooden frame mounted in the truck bed. Contamination 
due to splash from the cab waS minimized by placing the 


rear of the truck into the wind. All samples collected 
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by the mobile unit were within 1km of a fixed site or 


within the city of Edmonton. 


Fresh snow was collected in this study by sampling 
the snow either during or immediately after a snow fall. 
Two samples of dry deposition were taken by sampling the 


snow several days after it had fallen and had been 


Sampled previously. The entire snow pack was also 
sampled to measure the combination of wetand acy 
deposition that had accumulated. During the winter, 
animals and soil scavenging are not a problen. As long 


as Samples are collected away from roads, minimal 


contamination was expected. 


A total of ninety samples were analyzed (Table 
3.2). Seventy six of these samples were collected in the 
field. The remaining fourteen samples were analyzed to 
investigate the various sources of error, to check the 
chemical characteristics of the water used in the dry 
deposition Sampling, and to determine the Specific 
influence of insects and plant debris on sample 


concentrations. 


3.3 Storage and Analysis of the Samples. 


Immediate analysis of the sample after collection 
is best, because it eliminates all possibility of a 
change in sample concentration due to storage. Normally 


this is snot possible. Sample concentrations may change 
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Table 3,2 Summary of samples collected. 


type of Number of 


Sample samples 


Wet depcsition 


Rain Ceeeeeceoesenececscneceseee 20 
Showers Crehere'evelelerense ele) es ee ces oe 6 20 
Snow e@esegeeaeveoeoe Bee eeeveesenen see 8 


Hail Oe 1 


Total COCO He Desoercrccreccocevecesee DD 
Dry Depcsiticn 
In distilled Water Sielenevergient evcreteiice 
Toei reshsvow COVED se cee occ 2 
in accumulated snow cover ..... 4 
Total ares ele Che erelelerste ere atelelete ie eioie ci eree act 
Test samples 
Distilled water Spsieustatadaielersletereyve ealo 
Contamination teSt cecreocccsevere 4 
Total She ieWele lols, ste Ns. © ofto ie ehatexers eieraye’ oes 


Total number of samples analyzed ..90 


due to adsorption and desorption of material between the 
sample and the walls of the container, chemical reactions 
within the sample and between the sample and the 


container, and micro-biological action (Goulden, 1972). 


Linear polyethylene bottles are acceptable as 
sample containers that minimize reactions between sample 
and container wall (Goulden, 1972). The other reactions 
within the sample can be eliminated either by adding 
chemicals or by low temperature storage. Aithough no 
quantitative results were given, freezing was not 
recommended because the phase change of the water might 
affect the water chemistry, particularly for the 
phosphate and chloride ions (Galloway and Likens, 1975). 


Water chemistry studies in Ontario found that individual 
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analyses could be erratic for frozen samples, but that 
the averages were reliable, with the exception of silica 


(Armstrong and Schindler, 1971). 


Complete analysis required 2400ml of water in each 
sample. The samples collected were stored in 1400ml1 
linear polyethylene bottles. Samples were placed in cold 
storage (-109C) within three hours of collection and 


stored, for not over two months, until analysis. 


Fifteen Samples were incomplete because the volume 
collected was too small for a complete analysis. The 
analyses performed were chosen according to an analysis 
priority scheme (Fig. 3.3). Filtration was performed 
after the samples were thawed, using a 0.454m membrane 
filter. The material that passed through the filter was 


defined as "soluble" (Goulden, 1972). 


The rest of the analysis, done by the Water 
Chemistry Laboratory, Department of Zoology, University 
of Alberta, followed procedures listed by the American 
Public Health Association (1971). These methods are 
detailed in Appendix A. 


3.4 Dry Deposition Contamination. 
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The sampling program used collectors that did not 
have Shields to prevent contamination by birds, insects, 


and plant debris. The wet-deposition collectors were 
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[phosphate ions G3 


Nitrogen 1c 


ns(70%n1) | 


Silicate ion (500ml) 


Iron ion (590ml) 


Total residue (19fml)j 


Hardness tests (75ml) 


ilter tests (909ml) 


Fiqure 3-1 Analysis priority scheme 
(volume of sample in ml) 
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exposed up to several days and were checked often, which 
minimized contamination. The dry-deposition samples were 
left unattended for long periods of time and many insects 


were found in several samples. 


Attempts were made to remove most of the material 
before storage, but it was impossible to remove all of 
the debris. The first step in the analysis was a 
filtration with a 0.45x4m membrane filter. This should 
have removed all of the particulate matter in the sample 
that could have caused contamination. The possibility 
that particulates had broken down before analysis should 


not be discounted. 


Two dry-deposition samples were removed from 
consideration in any calculations because of gross 
contamination; one by rain, the other by a bird dropping. 
The bird-dropping sample was analyzed and it was found to 
have a total phosphate concentration ten times higher 
than the next highest sample. Because no comparable 
concentrations were found in other samples, it was 


assumed that no other bird droppings were present. 


An experiment was run to study the effect of 
insects and plant debris on the dry deposition sample 
concentration. Four samples were analyzed in the 
experiment. The first was a Standard test of the water 
and polyethylene sheets used. Distilled water was placed 


on the test surface, bottled, and frozen before analysis. 
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The rest of the experiment consisted of three closed 
basins with various combinations of insects and plant 


debris (Table 3.3). The samples were collected after 67 


Table 3.3 Sample summary of contamination test. 
Sample Description 


Sample 1 12 insects! added at intervals 
All removed at end of test. 


Sample 2 11 insectsi added at intervals 
All left in sample at end of test 


Sample 3 59 plant fragments? added at intervals 
All left in sample at end of test 


Sample 4 Test sample for water 


1 Insects included mosquitoes, flies, beetle and spider. 
2 Plant fragments included seeds and leaf fragments. 


hours of exposure, frozen immediately, and analyzed 


several days later. 


The raw data (Table 3.4) were "corrected" by 
subtracting out the original test sample, since it was 


assumed that all the samples had the same original 


concentration. Definite effects were found for total 
phosphate, organic phosphate, filterable condensed 
phosphate, sulfate, and total hardness. The complex 


phosphorus compounds in the insects and plant material 
are probably resposible for the high phosphate 


concentrations, but the other effects are not readily 


explained. 
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Table 3.4 Contamination test data 
(mgf-! unless otherwise noted). 


Insects Insects Plant debris Test 


removed remain remains sample 
(1) (2) (3) (4) 
Total phosphate 0.19 0.42 0.53 0.18 
Orthophosphate 0.13 0.95 0.05 <0.05 
Condensed phosphate 0.01 0.29 0.20 0.18 
Organic phosphate 0.05 0.08 0.28 0.0 
Total kjeldahl nitrogen 0.37 0.42 0.3C 0.24 
Ammonia nitrogen 0.02 0.04 0.01 0.02 
Organic nitrogen 0.035 0.49 0.29 0.22 
Nitrate nitrogen 0.01 0.94 0.01 0.94 
Nitrite nitrogen 0.003 0.002 0.C06 0.001 - 
Sailicaszion 0.29 0.30 0.36 0.23 
Iron ion 0.02 0.01 0.¢C2 0.92 
Chloride ion Ziti 1.64 1.64 Sier2l 
Sulfate ion nee 2.00 2500 0.00 
Sodium ion 0.00 0.00 0.00 0.00 
Potassium ion 0.C0 0.09 €.00 °0.00 
Hardness as calciun 0.00 0.00 0.60 0.99 
Total hardness 6.C0 6.00 25.00 4.00 
pH (dog, H*icn conc.) 65120 Saz6 6.16 Gece 
Conductivity (Amhoscn—?) 2.3 5.5 2.4 2.7 
Total residue . 0.00 0.00 4.00 4.90 
Filtered samples 
Totai phosphate 0.14 0.30 O29 0.18 
Orthophosphate <0.05 <0.95 <0.05 <0.05 
Condensed phosphate 0.10 0.08 0.07 <0.05 
Organic fhosrphate 0.04 OFZZ G,22 0.18 
Total kjeldahl nitrogen 0.18 0.49 0.27 0.24 
Total residue 0.00 0.09 0.00 2.00 


The two highest results were averaged to obtain a 
sample representative of moderately high contamination 
and normal handling. The average flux was also 
calculated and has been used to determine the maximun 
effect of the contamination on the concentrations (Table 
3.5). The first three columns list the changes in 


concentration caused by the contaminants added to each 


meose. 4s Gante sine imam sie. dic bhamaaet 


EC etal Seterinee  en te 
fgo? frat ionea 
rene Pat eee 
hae 3 ty 
Fielden as re haa fot? Yi gh 
af 49 Be.? 
ahs af 


rn ae 
a ae i 


ke oe 


iat on | . 
. Sak ich, iets 
OM ee y a Wray ; fF 
Gad 14597. at eas 
soe 800 4 
Tht eat G9 
Giles a0 5" 


a] 
ee 
—_ 
—_ 
~ « 
es Gy 
ad 
eco 


ex 
=> 
& < 
S 

. 

o. 

<= 


7 ee mi 


i 4 
= oy , " Se 7 = 2 ay oe = ~ 
C Gal? ay ‘ Snee 
“30,02 (Os . »» Be 
Ri st eee | i, s 
60.5 Gb 18 OSGeo. 
i: aX 
424 pido oa tala alas aiaK ese a ei toa atid sutt 


: —~ 
- at o- - 


roddanimaiavs 4 oh yietexpbos. a onigerasseraea angel 


oti ln 24 xa = oped: 6 agit & adkogea dspace | on - + 
eneieos qa? sadoved et bite Saau neon. ert fine saahinirermeanis 
ofdntp- eoedistinssats. . ssa] $0 ne vrierey swiddo wild Bey tarts 7 


ak 6 eapewin, was’ seid smb -ne sss fesit 2D oftst 


. a 
" i 
ee. ; a. = a - “A - re 
-_ ts ee i. wen ; 
a 


aaa -- ae ee 


‘si 


38 


Table 3.5 Corrected contamination test samples (mgQ—!). 
SE A aT NR Ie Sr Te 


1 2 3 4 5 
Total phosphate 0.01 0.24 On35 ep she fa © NAT oe 
Orthophosphate 0.10 9.02 0.02 0602. COCO 
Condensed phosphate =O.07 Onna 0.02 0.065 0.14 
Organic phosphate 0.05 0.08 0.28 03980 0.38 
Kjeldahl nitregen O.13 0.18 0.06 Omnlz WOR 5 
Ammonia nitrogen 0.0 0.0 = 04 23005. =e= 
Organic nitrogen SAIS. 0.18 0.97 Uen 2550.26 
Nitrate nitrogen =0% 03 0.0 =. 03 =, 041 50-=-= 
Nitrite nitrogen 9.€02 050901 9.005 0.002 2006 
Silicap aon 0.96 0.07 Ose OL AO ReO, 2A 
fron ion 0.0 =0% 01 0.0 -,005 ---= 
Chloride ion -1.09 eG 3 C=i663 0.9 o—-= 
Sulfate ion Seer Ze 0c 2.00 2.00 4.20 
Sodium icn 0.0 0.0 0.0 0.9 aaa 
Potassium ion 0.0 0.9 0.0 0.0 on 
1. Sample exposed to insects, but all were removed before 
analysis. 
2. Sample exposed to insects which were not removed before 
analysis. 
3. Sample exposed to plant dekris which was not removed 
before analysis. 
4, Average of columns 2 and 3. 
5. Average annual flux for columns 2 and 3 (mgm-2) 


SS 


concentration of the exposed samples. iGe the 
concentration of the test sample was larger than the 
concentration of the exposed sample, a negative number 
resulted. The chloride ion was the major problem in this 
regard because all three columns are negative. This 
implies that the test sample was contaminated with 
chloride, Pr aranty due to incomplete rinsing of the 


sample bottles after the acid bath. 


Column & is an average of columns 2 and 3 and 
represents the change in concentration caused by serious 


contamination from these sources. Table C-4 (Appendix C) 
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lists ary deposition sampling data, including 
contamination on a_ scale of 1 to 10. The samples were 
scaled on the basis of the organic material present. Low 
values correspond to "clean" samples with few organic 
fragments present. The contamination represented by 
column 4 of Table 3.4 is equivalent to 8 on that scale. 
The last column gives the contamination flux for our 
samplers on the basis of the test. If these fluxes are 
ccmpared to the average fluxes calculated using tne 
Summer dry deposition data, it will be seen that five 
constituents have contamination fluxes greater than 10 
percent of the total flux. Total phosphate (28.2%), 
condensed phosphate (15%), organic phosphate (30.6%), 
Srirconm (t2e1) 9 and sulfate (18.9%) are the constituents 
that have large contamination fluxes. The other 
constituents were not affected significantly by serious 


contamination of the sampies with organic material. 


Dry deposition was sampled by exposing distilled 
water. A test sample was analyzed for each set of dry- 
deposition samples. The test sample was treated like a 
dry-deposition sample, i.e., it was transported, set out, 
taken in, stored, and analyzed except that it was not 
exposed for more than ten minutes. The nean 
concentrations of the test sampies and of the dry- 


deposition samples were tested to see if there was a 


ska atid = isa 


etoaw be dqaage ad? Ot aot 


yam rl Sees ae 
itches, ont eh dane. es 


vi Aetagedf vee Hot $8 


elie RD eS oe 0d 


ee oly, gare: eaganmnd nie 


Ste. seo Mls role ee. jeep 


Tedd) “gee Hi ea #2 oh 
i gedd gar eowuy eho dy 


oe) et fag Ss an Caan 


ia suid f Laci, “it @hs ett oh vain. to 
toto ° eat Renety o cotewnsmtaae eta | 
evortgs vd f (rok capes SAepeEN én “ate, 

Sl. eat comt Sensy th Gye agduaive ‘eda $0 


‘ V¢ 
- - 


< "a iat ee wie ee 


” 


* 
; te 


Katt iaep aitstiie Ms haiqee ene iniditnouitt tot L's 
war io 288 dose 30% Petylens fev sigase sac? 6 —_ 

git? . Patept? aay efaese tee? owt me leEer avs iroqee 
ye tt i. Cae - ) gave aed wigan coaikanies ive eh 


on ene [ S682? Adonre | aay teas kegs e ihe. oA te se 4 * rail ile 


> - ° . “io y - Tas é 


nos mir Dest i“ oS ~ arpa ojo ‘*02 ieee 

> = oe fh - ” * ca si te- “we & * 

7 wee ee » Bas wigs Pree. ede Sagas Py FREOBID 
” om ~~ - “* ~- 2 La > = = 


40 


Significant difference after exposure (Table 3.6). This 


Table 3.6 Comparison of dry deposition and test samples. 
(All averages are in mgQ-! unless otherwise noted.) 


a—eG060M<5—5—”c—™Co_—6{C—€—3—3R—E}E}EH™—™0™0™hDbDObCODO0b0o0boh0h0D SS 


Constituents Dry Test T-test 
deposition sample comparison 
mean mean 

Total phosphate Ow 0.203 0.025 
Orthophosphate 0.1720 0.013 0.C05 
Condensed rfhosphate 0.114 0.071 0.19 
Crganic rfhosphate 0.138 0.124 Oe 2 On 
Total kjeldahl nitrogen 0.851 oe Io / 0.0005 
Ammonia nitrogen 0.350 0.081 0.025 
Organic nitrogen 0.501 0.091 0.025 
Nitrate nitrogen 0.930 0.014 0.025 
Nitrite nitrcegen ©0025 9.003 0.05 
Silica ion Oc 2s Oeo34 .0.10 
iron 1on Oearc 0.02 0.€005 
Chloride ion J625 Bieiz 1 0.025 
Sulfate ion Jhs BI, 9.90 0.0905 
Sodium ion 0.985 0.067 0.10 
Potassium ion 9.200 0.056 0,005 
Hardness as calciun 0.214 9.00 O25 
Total hardness 19.17 13.4 0.10 
DH LOg2or Ba 1 On-conc.} 6.09 Siero 03:25 
Conductivity (,qmhoscnr-!) 15—6 2.02 0.609005 
Total residue 6.11 2a23 0.25 


Filtered samples 


Total phosphate 0.081 0.150 0.05 
Orthophospahte 0.248 0.005 0.025 
Condensed phosphate 0.954 0.038 0.10 
Total kjeldahl nitrogen 0.385 0.120 0.0005 
Total residue 0.72 0.50 0.40 


table tiers the raw-data means for comparison, but the t- 
test statistic was calculated after a logarithmic 
transformation of the data. This transformation is 
appropriate for precipitation chemistry data and ensures 


that the population distribution is roughly normal 
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(Gorham, 1961). The t-test comparison column lists the 
Significance levels which, when multiplied by 100, are 
the percentage probabilities that the difference between 
the sample means could be obtained by chance. The t-test 
results show that most of the samples are significantly 
different (P<0.05) or extremely unlikely to haves been 
taken from the same population (Panofsky and Brier, 


1958) . 


The insoluble particulates that comprise the 
filtered total residue are very small because they must 
be able to pass through a 0.45ym filter. Particles with 
diameters of TAM or less are not affected by 
sedimentation processes, so dry-deposition exposure 
should increase the filtered total residue by imwpaction 
only. Impaction is only important over rough terrain, 
thus the filtered total residue should not be high {Van 


der Hoven, 1968). 


Condensed phosphate and pH are not expected to 
change much on the basis of local sources. Detergents 
are the main source of condensed phosphate, and no local 
sources exist that would increase the atmospheric load. 
The pH remains relatively constant because two 
compensating factors act to change it. Soil particles 
loaded to the sample are basic and carbon dioxide 
absorption from the atmosphere is an acidification 


process, so the two tend to balance each other, 
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Chlorides and filtered total phosphate are 
significantly different in an unexpected way. The 
limited data set contributes to this. problem. Both 
constituents have one high sample that raises the average 
Significantly, although removal of this sample still: does 
not give a dry-deposition mean higher than a test-sample 
mean. The chloride appears to be due to contamination, 
probably in the washing process when hydrochloric .acid 
was used. The filtered total phosphate does not appear 
to be due to filtered orthophosphate or condensed 
phosphate because both have larger means after -exposure. 


This would imply an organic contamination source. 
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The fundamental objective of this thesis was to 
establish the best estimates of atmospheric deposition of 
hutrients in central Alberta for the period May 1375, Apri 
1976. The results were extrapolated in an attempt to 
estimate the average rate of deposition on an annual basis, 
and during the periods of snow-cover and no snow-cover. The 
rates of deposition were also broken down into wet- and dry- 
deposition fluxes. The totai atmospheric deposition was 
broken down into four general classes (SNOW, liquid 
precipitation, snow~cover dry deposition, and non-sncw-cover 
dry deposition) on the basis of the processes involved. 
There waS one hail sample included in the liguid 


precipitation Set. 


Table 4.1 lists the raw-data means and t-test 
comparisons as calculated before, for snow versus non-snow 
and for showers versus rain. It is difficult to draw many 
conclusions from these results. In general, it appears that 
convective showers are more efficient scavengers than 
synoptic rain storms. The sSnow-rain means compare well with 
the Alberta work mentioned before, but the phosphate 


concentrations are puzzling. No phosphate sources have been 
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found to explain a winter maxinun. 


Dry-deposition rates should be different in the 
winter than in the summer for two reasons. Gaseous 
absorption is slower in cold weather and local sources of 
dust, e@.g., cultivation, construction and traffic on dirt 


roads, are reduced in the winter. 


Table 4.2 shows the distribution of the particulates 
in this sampling program. Particulate is defined as that 
portion of the total removed by filtration through a 0-45Km 
membrane filter. Several of the results are probably not 
Significant because of the small sample size. fois 
important to note that both dry-deposition categories have 
higher particulate precentages than the corresponding 
precipitation categories for all constituents. This is 
expected because the particulate proportion of dry 
deposition is relatively more important than that of 


precipitation. 


The different forms of phosphate and nitrogen are 
indicators of the portion of the total that is available for 
use by organisms (Table 4.3) Orthophosphate is the most 
important phosphate form, and ammonia nitrogen is the most 
important kjeldahl nitrogen form. More orthophosphate was 
found in the summer precipitation than in snow but the 
opposite was true for nitrogen. There wasS more organic 
phosphate and ammonia nitrogen in the dry-deposition samples 


because of contamination by organic material. 
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The concentrations of the various constituents in 
precipitation were converted to fluxes using meteorological 


data from climatological stations surrounding the moraine 


Table 4.4a Meteorological summaries May 1975-April 1976. 
{After Atmospheric Envircnment Service, 1975b, 1975c) 


Month Hours of Hours of Total precipitation 
precip. dry deposition train snow (W.2q.) 

(mm) (mm) 
May 19751 107.4 636.6 44.5 0.0 
June 19751 106.4 613.6 95.8 0.0 
July 19752 6.0 678.5 46.2 0.0 
Aug. 19751 3645 647.5 134.1 0.9 
Sept.1975! Sita? 688.3 8.3 C.0 
Oct. 19752 69.5 674.5 9.0 10,1 
Nov. 19752 120.0 600.0 i! 6.2 
DEC. UILSHi— pegt a is APRA 1.0 35.4 
Jan. 19762 138)..0 606.0 t 136.3 
Feb. 19763 “163.1 Osee9 20.5 
Mar. 19763 86.5 6575.5 T ee 
Apr. 19764 50.9 670.0 Te) 4.8 


Totals 1256.1 GO2769 346.6 102% 2 


1 Stations at Nisku,Ellerslie,Edmcnton,Namao,Wccdbend and 
Tofield used. 


2 Stations at Nisku,Ellerslie,Edmonton,Namao and Woodbend 
used. 

3 Stations at Nisku,Edmonton and Namao used. 

* Station at Nisku used. 


(Table 4.4a and fable 4.4b). The estimates D, (mgm-?) of 


total wet deposition were obtained for the summer and winter 


months from 


Dw Cw P (401) 


where Cy, is the average measured concentration (mgf-1) in 
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Table 4.4b Meteorological summaries May HE Ma ad oem WS PT HS Hy AG 


a ee ON Oa 
a SS Sd 


Continuous snecw cover 
21 Nov. 1975-9 Apr. 1976 


TOCA Lata W Caisse sisleibiclelsie swiss sisie.e) ss siclnie « S304 NOUES. 

PECCUP PEACH) GEIMS sidisieicyerehsresislesd. cle ecient 26e3 Shours 

Dry deposition time .s.esecccesceces + 2057.7 hours 
TOGA SHRGW eg (Wat CE nega) cr dierere ckeiere cacieiaG PIR 

Total rain esosecoss@02@22808893208702720083930809 8 1.0mm 


Non-permanent snow cover 


Teplay 6107 Sa 2 eNOVe, 19157 ol OrApEe 1976-30) Apr..:1976. 
Total time BURTaSIn ehetasalete oe etéleis.e bhG ee eee OU hours 
Precipitaticn time servcecrcecccccseses 529.8 hours 
Dry deposition time Gera ene 6ie,dheleveretsie arcttOuUei2 hours 
Total snow. (Water eg.) sseccsacececeee, 14, 7mm 
Total rain avohelel cloveiclelonciete stelcvencie es erorsrerer ua e6 


Annual precipitation 


4 May 1975-39 Apr. 43976 ER OR TST 
Long-term normal Se Fale Bie Sielters siete et) SO 


a 


the rain or snow Samples and P (mm) is the total 
precipitation (snow expressed as water equivalent) for both 


periods. 


The estimates Dp (mgm-#) of the dry deposition on a 
snow-free surface were calculated using | 
Do= Corel (4.2) 
Ao ‘Vs 

In this equation Cp) is the average measured ccncentration 
(ng2-1) in the dry-deposition samples, Vp is the average 
volume of water in the collection pan (2), T is the time 
(hours) without precipitation occuring at Edmonton 
International Airport (Nisku), Ap is the surface area of the 


Sample water exposed (m?), and Ty, is the average pan 


Sampling time (hours). 
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The dry-deposition concentrations were calculated by 
subtracting the concentration of a test sample from the 
concentration of the water after exposure. The 
concentrating effect of evaporation is compensated for by 
uSing the average rather than the final collection sample 
volume. The closest first-order weather reporting station 
was used to determine the length of time of precipitation 
(Atmospheric Environment Service, 197 5c¢):. This - was 
subtracted from the total to determine the dry-deposition 


time for the snow-free period. 


The winter bulk deposition Dy (mgm-#) was calculated 
using 


D = CoV T 
= Megas 


(4.3) 


C>; is the concentration (mgQ-!) in the snow sample collected 
from the ground, Vv. is the average volume of snow collected 
(9) as water equivalent, T is the length of time of 
"permanent" snow cover (hours), A, is the average surface 
area (m2?) over which the sample was collected and T; is the 
average sampling time (hours). The winter-dry deposition 
Samples can be divided into two types: bulk and non-mixed. 
The bulk samples include wet and dry deposition. The 
average concentration in fresh snow was subtracted from the 
bulk snow samples to get the concentration change due to dry 
deposition. Two samples were taken of snow previously 


sampled as fresh snow with no intervening precipitation. 
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Both methods gave very small fluxes and could be used 


together when calculating the total flux. 


Table 4.5 lists the total atmospheric fluxes for the 


sampling period. No attempt was made in this table to 


Table 4,5 Total atmospheric flux May 1,1975 to April 30,1976. 
(All concentrations are in mg%-1 unless otherwise noted.) 


Constituents Total No permanent permanent 


aeolian snow cover snow cover 
flux 
(ngm-@) wet dry wet dry 
% z z % 

Total phosphate 456 17.9 77.4 S06 0.2 
Orthophosphate 19.1 oF REPT A AAS 1.4 0.1 
Condensed phosphate 193 Oulart! 6.0 9.2 
Organic rfhosrphate 256 Tle. ko Oe 4.5 0.0 
Total kjeldahl nitrogen 1291 Zila Se) Los Foe) 0.2 
Ammonia nitrogen 544 S05) 66.2 3.9 0.1 
Organic nitrogen 983 13.3 85.8 Lice 0.2 
Nitrate nitrogen 134 46/10" (37 2:2 16.8 0.0 
Nitrite nitrogen 5 136 Sao 1.3 0.0 0.4 
Sidica, ion Wale 57 Cm 3960 | 9.3 
Iron ion 266 39, ew Oe 4 3.9 0.6 
Chloride ion 2933 S35 eo 8.8 0.2 
Sulfate ion . 4895 2 Dra | eee 1.4 0.3 
Sodium ion 287 1.5) Soe G55 Jel 
Potassium icn 627 44.0 44,7 102 Ven 
Filtered constituents 
Total phosphate 262 230. 68.6 7.6 0.0 
Orthophosphate 85 Witiese EOL: 0.4 0.0 
Condensed phosphate 118 23. 67.6 9.0 0.0 
Organic phosphate 137, 200.3, «F340 6.7 0.0 
Total kjeldahl nitrogen 595 S661 Os) Sel Ono 
correct for the organic material contamination. Such 


corrections are shown in Section 4.2. The large dry- 
deposition percentages are due to Several factors. Total 


annual precipitation in central Alberta is approximately 
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500mm and part of the total &4) comes from localized 
convective storms. The total dry-deposition loading 
decreases with an increase in total Fo CA aOR and areal 
extent of the precipitation. Intensive agriculture 
increases the dry-deposition rate by disturbing soil which 
entrains particulates (Uttomark ec aie, —T972)*. This 


increases the regional dry-deposition rate. 


Dry-to-wet deposition ratios for different areas: are 


compared to the Hastings Lake ratios in Table 4.6. The 


Table 4.6 Ratio of dry-to-wet deposition annual fluxes, 


Constituent 1 2 3 4 5 6 

Sodium ion 0.89 0.33 0,96 
Potassium ion 0.39 1.61 0.84 
Anmonia nitrcegen 1.45 1.97 

Nitrate nitrogen 1.98 0.59 
Organic nitrogen 4,23 5.96 

Total phosphate 3.44 3.46 
Sulfate ion Oe o2e Lieto 2218 
TrOnz1LON 0.50 2.50 ios 
Total precipitation 1872mm 1038mm 766mm 48mm 


1. Fayetteville, Arkansas. (Wagner and Holloway, 1975) 
PSG St, Gilouwe, MNissonris (Huff,1975) 

3. Madison, Wisconsin. (Kluesner, 1972) 

4, Low pollution, Great Lakes. (Whelpdale,1974) 

5. High pollution, Great lakes. (Whelpdale, 1974) 

6. Hastings Lake 


ratios were calculated by dividing the dry-deposition flux 


by the wet-deposition flux. The dry-deposition fluxes used 
in Table 4.6 were all determined in different wayS. 


Kluesner (1972) measured the dry-deposition flux in the same 


eed 


Ae: 


wrt ta ood dons meno 4 

phar ed f ae ee en ie ae 
faba: bare WARY aihg.2 veri A 
ate Ida denis . es wath Phe ag 
intdy Phoa~\padadodabs at be 


2ine OPPO >) a eB te 


a ee 


gil? aA sFan| as wt py 


abt O Me i a Hebi fe thie bak tal ¥ 


at ee ae wate me: ahete 


i tor: Loe * 


e. ; a) .. £ ; 
aa ee - . — ee be ee 
. 4 ey a ais rt f 
Oe at rete ie 
fee at: hea ae a Pat re be nae 2g 


ce .7 nee p: we La ee i 

£¢ a . ES ee <v ey | sr, ee rae 

wm .t _ Eee . > ae 

Fe a ie Ges te 

nt PN at oa ; O89 So , 
f Bit s a et ae 


acine ea3at apStor easter ft 


cele wewonitely: ath hs 
~~ j ire 

FO : ; 

re ee Pr seated TIGA BEER 5 

wees Sietais ai) ‘nae thegh san 


augi nclsise gh eae eis enliae ae Vf Parr looken eve seltas. 
heed core (t actenoge Aya oat: ude suis ivopgiriaw ess yd 


Ea eS ae TOnhrentiNn 0 @iter at 
= Ww IF ww ; 
te Pal bk tite ota ‘nelle (aNieea App een sn 


‘ 4 a“ >) ane ¥ Yh 7 ioe) its he 


a : ‘ oa . Was Pee ge ye 


b 


a3 


way aS was done in this project. Wagner and Holloway (1975) 


extrapolated measured monthly fluxes versus rainfall data 


back to zero rainfall per month. Huff (1975) calculated the 


amount of dry deposition in bulk samples collected by using 


measured 


wet-to-dry deposition ratios. Whelpdale (1974) 


derived the dry-deposition flux by using a _ bulk-transfer 


equation 


for the gaseous absorption process. An 


exponential-decay equation was used _ to calculate the 


particulate loadings. It is interesting to note that none 


of these 


studies mentioned a correction £AaACcor for 


contamination. 


For 


the same length and amount of precipitation, the 


ratio should decrease for ions cn Small particies. As the 


precipitation amount and length decreases, these ratios should 


increase. 


Good agreement was found especially between the 


measured rates in columns 3 and 6. Sodium and potassium ratios 


in columns 1 and 6 were roughly 1 to 1. The large difference 


between the sodium and potassium ratios of column 2 and 


those of columns 1 and 6 isS suspect because sodiua is 


usually associated with potassium away from the coast (Junge 


and Werby, 


1958). 
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22 Variations in the Results. 


The estimates of total fluxes are dependent upon the 
variables involved in the caiculations. According to (4.1), 
wet deposition varies with the mean sample concentration and 
the amount of precip tation. Dry “deposition. (4.2) is .a 
function of the sample concentration, the hours without 
precipitation, and the average Sample volume. Although the 
area of the sample exposed and the average pan sampling time 
affect the fluxes, neither should vary as _ much as the 
others, e.g., the maximum water area and the minimum water 


area differ only by 25%. 


The major flux variations are due to changes in the 
concentration caused by source changes and diffusion. The 
relative importance of wet and dry deposition is a function 
of the amount and length of precipitation. These variations 
were examined by substituting different values for the 
amount of precipitation and dry-deposition time into the 


flux equations (Table 4.7) 


The maximum and minimum values were taken from a 
gctaph of ten-year running average precipitation in the South 
Saskatchewan River basin (Longley, 1972). The long-tern 
normal data was for the Edmonton industrial Airport 
(Atmospheric Environment Service, 1975a). The normal value 
calculated for the summer dry deposition was determined by a 
simple proportionality, i-e., it was assumed that the hours 


of precipitation were directly proportional to the number of 
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56 
days of precipitation. 


An experimental error casts some doubt on the 
validity of the winter dry-deposition fluxes. The average 
surface area (A,) sampled was estimated, not accurately 
measured and this area is vital to the flux (mass per unit 
area and unit time). Fortunately, the winter flux was so 
Small that even an estimation error of 100% has little 


effect on the total annual flux. 


The total atmospheric fluxes measured for 1975-1976 
and the estimated mean annual fluxes are roughly equal. 
Table 4.8 compares the atmospheric loading of nitrogen and 
phosphorus with Vollenweider's (1968) permissible and 
dangerous loadings. The results show that the atmospheric 
contribution is significant. Its relative importance in 


relation to other sources will be examined later. 


The precipitation concentrations are high but are not 
outside the ranges reported by Gorham (1975) and Sanders 
(1972). The dry-deposition results are comparable to work 
in Wisconsin (Kluesner, 1972). The Atmospheric Environment 
Service of Canada has two WMO Background Air Pollution 
Monitoring Network stations located in the Prairie 
Provinces. Both sites (Edson, Alberta and Wynyard, 
Saskatchewan) use a modified Wong ARC Mark ¥V automatic 
collector to sample wet deposition. The samples are 


collected once a month and analyzed for some of the same 


constituents as in this program. 
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Table 4.8 Nutrient loadings and thresholds. 
———————————————— 


NO permanent snow cover 
1 May 1970-20 Nov. 1975 and 9 Apr. 1976-30 Apres) 1976 


Total P Total N 

(omcey rst) (gee) 
Dry derosition 0.132 ~663 
Wet deposition 0.019 0.266 


Permanent snow cover 
21 NOV. euS7 5-9 Apr. 1976 


TCctal Total N 
(Gmgeyice*) (Chey Aang) laa 
Dry deposition 0.090 . 
Wet deposition 0.008 0.049 
TOL ade P Total N 
(gm j4yre*) (Sagara s) 
Total 0.159 1.982 


Vollenweider's (1968) threshold levels (lake mean depth to 5m) 


Total P Total N 

(gm~¢yr~?) (gn Syn) 
Permissible 0.079 1.0 
Dangerous 0.139 2.0 


The WMO data and data from this thesis are quite 
comparable except for the chloride and nitrate ions (Table 
4.9). The high nitrate average for Wynyard is a result of 
one month's high concentration. It is reasonable to assume 
that it was caused by local contamination. The Wynyard 
average nitrate concentration without the high sample is 0.7 
mg2-!. The chloride average for Hastings Lake is also high. 
It is possible that the HCl used for cleaning the collecting 


surfaces and the sample bottles was not completely removed. 


The chloride ion average is reduced to 2.11 mgf-1 
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Table 4.9 Wet deposition averages June 1975—Sept.1975, 
(All concentrations are in mgf-! unless otherwise noted.) 
PS SS SSS SRST nn a eS Seen —— 


Constituents Edson Wynyard Hastings Average 
Lake Edson & 
Wynyard 
Ammonia nitrogen 0.68 0.53 0.39 0.60 
Nitrate nitrogen 0.38 2.69 0.14 1.49 
Chloride ion 0.42 0.69 2.46 0.51 
Sulfate ion 2 a 2i2 Se iz 2.91 3.02 
Sodium ion 0.45 0.42 0.16 0,44 
Potassium ion Oeeoer. 0.62 0.46 0.59 
pa (i™ Aon conc.) 6,32 7.09 4,81 6.70. 
conductivity (umhoscm—1) 15.8 Zoe oer 20.5 


from 2.46 mgf-! if four samples that were greater than 2 
standard deviations from the mean are removed 27, Zo toe 
54: Table C-3). A t-test was used to compare the mean of 
the original set without the four samples included and the 
mean of the four deleted variables. The chloride ion means 
in the two samples were not from the same population at the 
-0005 significance level. This means that there is a 
significant difference in the two sets, probably caused by 


contamination. 


The pH of rainwater in equilibrium with atmospheric 
carbon dioxide is 5.7 (Gorham, 1975). The difference in the 
pH of the WMO samples and the average pH in this study is 
mostly likely due to differences in the sampling procedures. 
The WMO samples were collected with the Wong sampler which 
does not make a tight seal with the sample container (Berry 
et al., 1975). The higher earth cation concentrations (Na* 


and «t) indicates that this loose seal allowed dry- 


zy Ag va = e: aie 


pe Ee . ae 
Oe rary sah s8 


“) * 
os : 
¥ ) 
vir 
. 
Bat Beg aie enfin 
Ws i 
Ps 
ra 
' 4 i 
s 5 
ath 
a 
be i 
ee 
oe app 0 hme Aine 


ocd” heat atathin., ieaane er ‘alias Sal, oa tga 8 
oe. Bee uous Bie Dea a 0 qacresiesh | 
’ we eaisebite od Brey ae dees a “Teese 
ae ed ‘pgetunh eatauny ‘iui and Hida hn die Lenkgens 
inieee aed ofthe tip 8 «pada aie Aesede sq0% nas boi 
. tii pekts fugeg ; ‘aoe oak hint Jou ‘Ghee Sigal ge | f 
5 we aeed? Asif? Hoes a te ‘based coanteittog te a 
qd bevess gidedoda ten pra Fe ak dohpas hee tonsttian ie” 


Bre ae a sdestentaaiaes 
, 2 
\ © 


a + - 7 - 


iooatdanmts atte wneteb ister: seni 30. be ad? 


“— 
odd at” won aihh att . (Ave eben re a ‘ubhneds nodaas 
nd qoute aad AL nO. SORBERE : TE ine 26 Lone Gn eh he. rr 


>' 9 
a . 


(BSsaheijoss wReteass ety at apnaass Lb 7 sti yon rlsaoe 
Apt ‘a [aace mage afd eu bogool! + Att ackgber oat oat 


Naded} Tenlgiemo aigeh? of? bree, “ge: Atel ee a8 sob 


LJ - - owe . es 


Tn) . car tee Linear, 0- notte, ange: spp _ at? jeter yatt ds 


” ' ie 


oe aeek Soiiytic “tise” vscoh™ sian Tesi vi” Ses 


its 3 - ; wv 


59 


deposition contamination. The higher concentrations of 
these cations may have raised the pH. The low average pH in 
the present study was influenced by the high chloride 
concentrations, but the difference of the pH means between 
the four contaminated samples mentioned previously and the 
original set of four was not significant at the 0.10 level. 
This shows that the chloride ion concentration is not the 


Main cause of the low pH. 


Previous investigations have found relationships 
between the ionic composition of precipitation and the type 
of air mass, the season, the time interval between- showers, 
the type of precipitation, the trajectory of the air mass, 
and the strength of the wind. Twelve different variables 
were chosen to examine the effects of the meteorological 
Situation on the concentration of the samples. Appendix B 


lists all the results cf these tests. 


The linear correlation coefficient was used because 
it is a non-dimensional measure of the association between 
two variables (Panofsky and Brier, 1958)7- If the 
correlation between the two variables is perfect the 
coefficient is one. When the correlation coefficient is 
minus one, a perfect negative correlation exists, and if it 
is pe to zero, no linear relationship exists between the 
variables. The linear correlation coefficient may indicate 
that there is a relationship between two variables, but this 


variation may exist because of the influence of a third 
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variable. 


The results of the nitrogen constituents and the 
correlation variables listed in Table B-1 were chosen for 
closer scrutiny because of the possibility of a relationship 
between lightning cud the production of nitrate (Table 


4.10). The t-test comparison of the nitrate ion in rain and 


Table 4.10 Significant correlation coefficients between 
selected variables and nitrogen concentraticns,. 


Constituents Mean concentration Significant ccrrelations 
(mgR—*) 
Shower Rain Showers Rain 
Total kjeldahl 0.88 0.42 Ae 
nitregen 
Filtered total Osra3e20428 12,8 5, 12! 
kjeldahl nitrcgen 
Ammonia nitrogen faoo- OeZ4 12,8 
Organic nitrogen 239) 0424 =25-9 512" 
Nitrate nitrogen ie OU eGo 125-43, 0% 
Nitrite nitrogen 2002 - 002 6 12,79,75! 
Number Parameter Scale maxinup 
2 Associated lightning intense 
3 Collection site urban 
4 Storm trajectory rural 
5 Wind direction rural 
6 Santrling date late in season 
8 Contamination dirty 
9 Surface wind strength 20ms ~1 
12 Time since last precipitation 170hrs. 


2 Negative numbers imply a negative correlation ccefficient. 


in showers compared storms with lightning (showers) and 
without (rain). Nitrate means in the two samples were 
different (P<0.025). If this is a result of lightning, we 
would expect that the lightning variable (2) wouid be 


significantly correlated with the nitrate concentration. 
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This was not the case for rain or Showers. Instead the 
nitrate concentration in showers was correlated 
significantly with an urban effect, (the more urban the 
location and trajectory of a shower, the higher the nitrate 
concentraticn), contamination, and the time since the last 
precipitation. These results imply that a storm passing 
over the city after a long dry spell will be nigh «in 
nitrate. In general, the nitrogen constituents were 
correlated significantly with the length of time since the 
last significant precipitation, and with the contamination 
variable. This indicates that the nitrogen constituents are 
associated with particulates that are easily washed out and 


are associated with dry-deposition contamination. 


4.3 Nutrient Budget. 


The atmoSpheric deposition fluxes determined in this 
study can be used in a nutrient budget for Hastings Lake. 
Budgets have been calculated in two ways in the past. The 
first method uses nutrient-export fluxes for each source of 
nutrients within the basin. The other method uses a mass 
balance to calculate the total annual nutrient load. 
Neither method is ideal, but both can give rough estimates 


of the comparative importance of each source within the 


basin. 


The nutrient-export flux method requires a breakdown 


of the area encompassed by each land-use type within the 
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basin, an export-flux value for each of these land-use 
types, and values for the lake area, discharge in and out of 
the lake, and the population within the basin (Patalas and 
Sadka,a¢ 1973)4 Multiplying the area in the basin of each 
land-use type by the export flux gives the mass of each 
nutrient added to the lake. A per-capita correction is 
added for human population within the basin (Vollenweider 
and Dillon, 1974). The budget is found by summing each 


source and subtracting each sink. 


This method has not been used in a water-deficit 
region like central Alberta. The use of nutrient-export 
fluxes from more humid areaS is not recommended because 
there are such great differences in the amounts of runoff. 
For example, the nutrient-export flux from the same type of 
land-use and soil-type plots will not be the same if the 


runoff from one is half the runoff of the other. 


The mass-balance method allows for variations in the 
transporting mediun. This method has been used in a small 
drainage area with linited sources (Schindler and 
Nighswander, 1970), but, with minor modifications, should be 


usable here. A water balance is calculated for the lake 


using: 
fig oR, Si ae (4.4) 


In this equation, P is the precipitation, Ris the surface 


runoff, S is the groundwater Seepage, F is the evaporation, 
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Q is the discharge, and L is the lake-level change. The 
incident volumes of water added to the lake multiplied by 
the concentrations, either measured or assumed, give the 
nutrient mass going into the lake. The balance is 


determined after the sinks are subtracted. 


The Thornthwaite and Mather (1957) procedure used by 
Laycock (1968) in central Alberta was used to estimate the 
water balance ot Hastings Lake (Table 4.11). This method 
estimates the volume entering the lake and leaving the lake. 
based on climatic and land-use data. It has limitations 
here because the total runoff is calculated from monthly 
data. For example, precipitation associated with a summer 
storm could cause runoff into the lake, but because 
precipitation and evapotranspiration are averaged over a 


monthly time period, this procedure would not show that. 


The drainage-basin boundaries are hard to define. Ia 
periods of high water, Cooking and Hastings Lake are 
connected by streams, but this is not the case today. In 
the period May 1975-April 1976, there were no permanent 
streams in or out of Hastings Lake, although there was a 
brief flow during the spring runoff (D. Potter, personal 
communication). The calculations for this budget have 
assumed that during the sampling period and the long-tern- 
normal period used in the tables, streamflow was negligible 
and that the only sink was groundwater flow. This was given 


a value equal to five percent of the the total groundwater 
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flow because the outlet area is five percent of the total. 
It was assumed that all the surplus water in the 1972-1975 
period left the lake as stream flow although the lake level 


rose during the period. 


The different land-use areas were estimated from the 
land-use map (Figure 4.1) which was based on air photos 
taken in 1972. The lake data were calculated by Kerekes 
(1965) and modified slightly to match the physical data 


(Table 4.12). Climatic data for the International Airport 


Table 4,12 Hastings Lake physical data. 


(Kerekes,19€5) This study 


Drainage basin eae 60.9km2 
Lake surface area 8.71km?2 7.77km2 
Maximum depth 7.9m --- 
Mean depth 3.03m ——= 


Volume 26,.4x10%n3 23,6x106m3 


(Nisku) were used for the Thornthwaite tables (Rk. 
Winterburn, unpublished data). Fifty-five percent of the 
total water volume available enters Hastings Lake as runoff 
and the other forty-five percent enters as ground water (F. 
Schwartz, personal communication}. For the purposes of this 
study streamflow in and discharge out were considered 


negligible. 


The atmospheric fluxes calculated in Section 4.3 were 
used in the budget. Total phosphorus concentrations were 
available for the groundwater (F- Schwartz, unpublished 


data) and the lake itself (D. Gallup, unpublished data). 


heed 682 Be drathed 


aee hoe er wie wa aide Fe 


overt "ted lati Mipenta kaa 


“4 


255 MOS? Hotes res: a 
ID) Oy l an ts ied out 


; ae 
¥ | we ass i ssa atoll 
afi - fen keris oh a" ae a8 


2a sap. ooane 
ee pay: set 


: 
stad, ©. 


is ' . aA 
» pap nee se entero lea ray 


; ace, Ps <* = is x 
a pode’ » seaaeer taxcady > 


4 
> 


wa? 20 ee vv east 
biogrs 26 nated epiicush seatee eign Pairs’ a2 ate Levee | 4 
2) Sou bane ze oh abotee siesaeg or itery tay andgo was ‘baa 
wid no combay 8 a2 ag sheesh tee binginnielael Laposaeg <thaeudot 


iexetieacs ‘syne 280 opeeaauth | sing az woaner ee BPN: 
Ma ES. wi ae : Ws oe . ae ca abiagiived Te 


. — - - > - ’ LE * Beat cree 
wpau €.) acttoe® ot Satelvo les maned? ai peeqepese mit 


exes tooligetRanas aeiceqensg Seger avgciits spat me boar 


Aiivocss, « Reabwdpa eae ses PE ci0e 1 s* coe pidaitevs 
Lega iS, 0) Mons: RT aaP eee Joeed 


i> 


_— iu ong oe “a 1) 


F C Pek © P PoE & FF 
He PY ihe Wee Pak ate hee ren rs 


POPC FOF PE Pee re. 


Pe Ee? re 
Bako PP PEF oh CF EPO We WF Pek EF FP 


BP er PrP Pep Be rr CD ae fer cea) coer 


Pele rie eee reer Per 


EF PF We W W WoC PLP WC Pep FE Fk Fak 


Wc 


PLP FOP PSP ar Pere a. Wo 


ly 


P 
FAP Eee fe Rott Wer ew 


Par Per erm 


a = ll) 


Fy Pe Pep PsP Sep PP oP Ee Per ep 
PrP PeP Pe Pap Pak PP Dice Wek Wh Wed We UG C..C CF. FW rar 2&2 


Cro eoR ae Er Peer Pe Ptr Pap 


Wer FPP © FP. Pie PoP Pep Pp ora 2 


2 


Ce Ce Per par ee 


PoP CW WW WIth FP 


P FAP FF UP PAP iP (Pare WN WoW a Wee ee 


DP FRE PP F FN W W Rew 


Hastings Lake 


WWWPWC 
FW PW PP, PIW WH Wer 


WWW 


F PeP P PaF FLuF WWW 


fy 

Oy By By 
Ou fy As 
bey fey Bey 
UO Ai Ba 
= Se 
By Qu fy 
Oy fy Au 
Qu} Oy Ry 
Oav 
Gh O 
Fey ey 
Fey Cy Pe 
= Ss & 
Fey fey Fey 
ee 
Fy Fry Fey 
St fy 
Bu By Ry 
fer By Ay 
fy Oy Ay 
Om OU 
Qu Ba By 
Fey fay Fey 
Fry Fey fy 
O, Ry Oy 
Oy a: 
fu 


Pate CUS ey Par Fee rk 


Po Eo Por tC Eek habe har He 


fy 
Qa, 
fu 
O 
4 
ay 
fu 
ia¥) 
Qy 
Ay 
is] 
fy 
Ou 


eee Lake Drainage Basin 


Feeseoecoee Quarter section predominantly forest 
Peoseoeee Quarter section predominantly pasture land 


Cooseeoee Quarter section predominantly cultivated land 


Weeeeoese Quarter Section predominantly water 


Figure 4.1 Hastings Lake land-use, 
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AS a gross approximation, a total phosphorus loading of 
0.077gm-2yr-! for surface runoff from an agricultural 
watershed and a groundwater loading of 0.033 gm-2yr~-! 
(Uttomark et al., 1974), were used to estimate the surface- 
runoff to groundwater-seepage concentration ratio. For the 
purposes of this budget, the groundwater concentration was 
assumed to be 40% of the surface runoff concentration. The 
sink terms were calculated using the measured concentration 
of Hastings Lake in the spring for the streamflow out and 
4O% of that figure for the groundwater-seepage 


concentration. 


Table 4.13 lists the total phosphorus budget of 
Hastings Lake calculated using the water~balance method. 
Also included are two steady-state calculations that assume 
there was no waterlevel change in 1975 or over the long- 
term. Both water balances calculated for these time periods 
Showed a water deficit. This waS compensated for by a 
runoff and seepage volume large enough to reduce the deficit 


to zero. 


The atmospheric load is relatively constant, but the 
total load is fenerdent upon the volume of water available 
in the spring. If the spring runoff is large, then the 
total load reflects this with a higher value. There is a 
limit to this effect, though. Eventually, the runoff will 
fill the basin and there will be discharge from the lake. 


This dampens the effect of extremely high spring runoffs. 
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The lack of a physical transport mechanism, i.e., stream 
flow out of the lake, implies that the organic cycle within 


the lake is the major total phosphorus Sink. 
The nutrient-export flux method was also used to 


calculate two budgets (Table 4.14). The procedure 


Table 4.14 Nutrient-export flux total phosphorus budget for 
Hastings Lake. 


Patalas and Salki (1973) method 


i 


Area of lake (Apo) 7.8% 196m2 
Area of lake drainage basin (Aq) 60.9x106m2 
Ratzo, of basin to,dake (Ag/A,) 7.8 

Mean depth 3.03m 

Volume 23.6x10°m3 
Discharge 0 

Basin fopulaticn (C) 10C0 

Export of phosphorus from scil (E,) 0.01gm-2 
Per-capita discharge of phosphorus (E,) 1700 gyr-! 
Phosphorus lcad from soil 0.078gn-2yr-1 
Human loading 0.218gm-2yr-! 
Atmospheric 0.159gm-2yr-! 
Total 0.9455 gm-2 
Annual total to lake 3549 kg 
Annual total frem lake 0 kg 


Uttomark et al. (1974) method 


— 


Flux Area Mass 

gm-2yr-t 10¢&m2 (kg) 
Agricultural land 0.03 2303 699 
Forest land OS02 29.8 596 
Groundwater 9.03 Tas 234 
Atmospheric 0.16 7.8 1248 
Annual total to lake 2417 
Annual total from lake 0 


recommended by Yollenweider (1968) and the nutrient-export 


fluxes used by Patalas and Salki (1973) were used with minor 
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modification (an atmospheric-flux term was added and the 
streamflow term was subtracted). The formula for total 

phosphorus (g) into the lake (L>) can be written as; 
oa coe ee Da Ao (4.5) 

° © 

where Es is the export of phosphorus (gm-2 cf drainage 
basin yr-!), Ay is the area of the drainage basin (m2), A, 
is the area of the lake (m?), E. is the per-capita discharge 
of phosphorus to the lake (g), C is the basin population, 
and Dy, is the total atmospheric deposition rate 
(gm-2yr-!).The total flux calculated is larger than any 
calculated using the balance method and Poagereacial only to 
ther 1972-1975 flux. The second budget assigned fluxes to 
each land-use type within the basin, following Uttomark et 
ale, (1974). The export fluxes shown in Figure 1.1 were 
used except for the atmospheric flux. The sources in this 
budget are approximately equal to the 1972-1975 water- 
balance budget. Both nutrient-export flux methods use the 
Streamflow out as the sink term. The fluxes calculated 
remain constant for a given basin as long as the land-use 
within the basin does not change. This assumes that the 
runoff and groundwater flow are constants. Note that the 
best agreement between the flux- and balance-methods occurs 


for years with appreciable runoff. 


The atmospheric contribution to the total nutrient 
budget is listed for seven different budgets (Table 4.15). 


This table demonstrates that the atmospheric contribution is 
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Table 4.15 Relative atmospheric contributions to the total 
phosphorus budget. 


ee 


Method Time Atmospheric Total 
period (%) (kgyr-?*) 
Nutrient-export flux! 14975 35 3549 
Nutrient-export fl: x2 Nowe 45 29,10 
Water balance 1975 100 1240 
Water balance GOLZ=A995 39 “£2766 
Water balance L=T=-Ns 92 1303 
Steady-state balance 1975 96 412914 
Steady-state balance LoT-Ns 80 1498 


i Patalas and Saiki (1973) method. 

2 Uttomark et al. (1974) method, 

3 Long-term normal. 

significant. It is reasonable to assume that at least half 
the total phosphorus load in Hastings Lake is from the 
atmosphere. This proportion varies with the amount of 
Tunore ; There is also some indication that the choice of 
nutrient-export flux coefficients should reflect the 


inadequate transport mechanisms in dry regions. 
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CHAPTER 5. CONCLUSIONS. 


—— ee ee SS eee 


5.1 Atmospheric Nutrient Loading in Central Alberta. 


The wet- and dry-deposition values measured in this 
study are an important part of the total nutrient flux into 
Hastings Lake. The atmospheric contribution is over half 
the total. This proportion varies with the amount of spring 
runoff, which in turn is related to the amount of 


precipitaticn. 


The atmospheric total phosphorus loading exceeded 
Vollenweider's (1968) threshold for dangerous loading and 
the total nitrogen approached the same level. This implies 
that water treatment of anthropogenic sources in the basin 
will not be sufficient alone to reduce the nutrient loading 
to non-critical levels. The large values appear to be 
caused by man. Agriculture was thought to be the cause of 
Similar high concentrations in the midwestern United States 
(Junge and Werby, 1958) and in western Ontario (Kerekes, 
1973). Fertilization probably contributes to the problen, 
but it is not the main factor (J. Robertson, personal 
communication). Therefore, it seems likely that cultivation 
entrains particulates into the atmosphere, increasing the 


atmospheric deposition rates. 


The atmospheric contribution has been shown to be 
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Significant when the lake occupies a large proportion of the 
drainage baSin (Murphy and Dosky,1975). These results show 
that the effective catch area of the basin is important in 
water-deficit regions, because nutrients can only be 
exported when there is water available to transport them. 
The atmospheric contribution increases in importance as the 


total water volume into the lake decreases. 


The nutrient-export flux coefficents chosen -must 
reflect the inadequate transport mechanisms in central 
Alberta. The water-balance method used approximates 
nutrient-transport mechanisms. It indicates that the actual 
runoff and groundwater flow to Hastings Lake is small and 
concentrated during spring runoff. Therefore, the 
atmospheric contribution is important because most of the 


time it is the only effective contribution. 


The precipitation patterns during the sampling period 
were approximately equal to the long-term normal patterns. 
Therefore, it is not expected that the total atmospheric 
deposition should vary much due to this factor. There is no 
way to check the actual measured fluxes to see if they are 
‘normal’ without more sampling. This should be kept in mind 


if these data are used elsewhere. 
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Dry deposition iS an important loading process in 
central Alberta. It was a significant factor in the total 
atmospheric load of the phosphate ions, the kjeldahl 
nitrogen ions, and the sulfate ion. The importance of dry 
deposition, relative to wet deposition as a removal process, 
is related to the dry continental climate. The annual 
amount of precipitation and the total number of days -with 
Significant precipitation are small. Both factors decrease. 
the amount of wet deposition relative to nore humid 
climates. Even the type of precipitation favors dry 
deposition. Convective storms in Alberta are frequent and 
ace efficient removal mechanisms because the intense rain 
washes out most suspended particles. But they are localized 
and often are associated with gusty winds. For each area 
that is dampened on the ground decreasing the wind 
scavenging of soil, an additional area has strong winds and 


more than normal scavenging. 


Dry deposition during the permanent snow-cover period 
was much less than during the snow-free period which implies 
a surface source. The most likely sources in this area are 
cultivation, construction, or any other activity that 
disturbs the soil and entrains particulates into the 
atmosphere. Oil and natural gas industries may be a factor 


for sulfate (Nyborg et al., 1975). 


The contamination test gives an indication of the 


eae 
ek @reons Pr if gat g ap sree ) a 


ptt E30 veliteph pons 1 


; om j dees alta 
inteosd hie ‘ go 2 8 : : ine ps 
Bie ( i~ A ee * i ee 


dea oe 


wipe of? | obs oun al ele o abil ~ 
J fee sidan Subs matt Hiacaossaanateanb te 8 v1 


aah ceeoaene ak von » Af amet ae: pybtopiptpeas & “6 


= 


bb eal (jue... iho ca were ee oe, eam Bar foal 
gob. seyke? cae tt , dom Rey: eee ee eS: sh 1 I shes 
bia“ SRomyeny aa (ed ae ee ah aioe > 
hero’ we -omerel « oC AReaee in powes seetonie: 
‘;2tinoel ode path. ton  sebsadied Ap iaegeive asoe. Fen . 
oni. 2989 laa ie  eeesee Ate hadaineeee: ; ‘ 
inie: we tonsa: sree Pawo dp » wits oe pasnated. mine 48d 
tue siaae peeatenged amb Ennpkdibbe. fess fives ieee 

ee — esd 9208 


: 
af 
‘i 


bof 304- SEVORsRIA Secnen sag nity yer anidienigeh- a ws 
fai toeh, sede. $6L wT e88 atnage. a aa Aad é. sent dome: baile 
bids oPRn« FLAS | wi- soetwee wioswhs, tong. ‘Sets, -So4pas pata, s 
tock. ~gdEvVESEES BORsO: whe 40. PaiIOwr PERE WaLseRhsLeg ' 
gs ofure se ie th ee) dee BURT EY : ist al EOe or aduateib 
ainsi: B-o YER SS pica igoeies Sam Lif 1-2 sadqecess, 
= oe m9 ee wy parody) - of ies 20d 


been sits 01006 adi” 


oe) 
a ee ee 


i 


75 


constituents that are affected by insects and plant debris. 
It is believed that the measured dry-deposition flux with 
the contamination flux removed is an accurate estimate of 
the actual flux. It should be emphasized, however, that dry- 
deposition measurement is a difficult problem with no simple 


solution. 


Table (4.9) lists the the dry-to-wet deposition 
ratios measured, calculated, or estimated in several 
different studies. The measured ratios, columns 3 and 6, 
are the best indicators of the actual situation. Despite 
the many assumptions and approximations -involved, 
Whelpdale's (1974) calculations (columas 4& and 5) reflect 
the influence of poliution on the ratios. The dry- 
deposition flux estimated by Huff (1975), column 2, used 
ratios measured for a fourteen-week period to estimate the 
wet-to-dry breakdown of bulk samples over an ce¢ighteen-month 
period. These ratios do not appear to be constant in this 


study, so that may not be a good approximation. 


Both Huff (1975) and Wagner and Holloway (1975) 
collected bulk samples. This procedure was not recommended 
for accurate precipitation chemistry measurements (Galloway 
and Likens, 1975). The dry-deposition flux in column 2 was 
estimated by extrapolating the flux (Hgcm ~2month —!) for 
several earth cations and the monthly rainfall back to zero 
rainfall per month (Wagner and Holloway, 1975). Monthly 


dry-deposition rates determined in this way may be 
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inaccurate because the extrapolation is dependent upon the 
low precipitation values. The dry-deposition flux is also 
assumed to be a constant with a decrease in the amount of 
precipitation. The monthly dry-deposition flux is related 
to the number of days with no significant precipitation ina 
month, so it must increase if the precipitation amount and 
number of days of precipitation are positively correlated. 
On this basis, the sodium and potassium ratios may be over- 


estimates not comparable with the Hastings Lake ratios. 


Wet and dry deposition contributed equally to the 
loading of the sodium, potassium, and iron ions. This 
result suggests that these ions are associated with small 


particles that are not easily removed by dry deposition. 


The variations in the concentrations of the Samples 
with individual storms is a complicated problem. Junge 
(1963) states that; 


Most of the rainwater data in the literature 
refer to average values over a certain time 
period, e-g-, a month or year. The reason for 
this is that concentrations in individual storms 
vary so considerably with time and amcunt of 
rainfall that it is difficult to correlate them 
in a meaningful way with other meteorological 
parameters!. 


Attempts were made in this study to correlate individual 


1 Junge (1963), page 311. 
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nutrient concentrations with selected meteorological 
parameters. The simplest method tried was a t-test 
comparison of the means of different wet-deposition sub- 
Samples. The comparison of the nitrate concentration in 
storms with lightning and without lightning showed a 
Significant difference. Further testing with linear 
correlation coefficients indicated that the nitrate increase 


was due to an urban effect rather than a lightning effect. 


The most important variable in the correlation tests 
was the time since the last significant precipitation. This 
implies that washout is an important factor . in the 


precipitation chemistry of central Alberta. 
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CHAPTER 6. RECOMMENDATIONS FOR 


The relative importance of the atmospheric 
contribution to the total flux of nutrients to Hasting's 
Lake could be a result of a temporary local source. If the 
water guality in any of the lakes in the Cooking -Lake 
moraine is to be improved by a water importation scheme, 
this should be checked. This program has estimated that the 
atmospheric flux alone is sufficient for dangerous total 
phosphorus loadings. A program of the same Scope would not 
be necessary. Measurements of total phosphate, total 
kjeldahl nitrogen, the nitrate and nitrite ions would be 
sufficient, but both wet and dry deposition should be 


sampled. 


A complete nutrient-budget measurement study would 
eliminate the need for many of the assumptions commonly used 
in this and many other studies. In paneer ire surface 
cunoff concentration measurements in the spring would 
improve the accuracy of a budget for Hastings Lake. The 
present work suggests that dry deposition is an important 
process, but measurements of dry deposition to bare and 
vegetated land and to a water surface are very difficult. 
Simulation of all relevant physical properties of the lake 


needs more attention. The contamination caused by birds and 
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insects is an additional problem that should be studied with 
a more elaborate laboratory simulation and considered during 


sampler design. 


An experimental consideration of the dry deposition 
On an entire lake 01 pond is recommended. Sampling the lake 
upwind and downwind with instrumentation capable of Sampling 
particulates and gases would permit calculation of vertical 
fluxes to the lake. In addition, samplers similar to. the 
ones used in this thesis set out on the lake would provide a 
check on the vertical fluxes and on the collection 
efficiency of the pans. Note that sampling in the- middle of 


the lake would reduce biological contamination. 


It is recommended that in any future work the number 
of Samples should be increased and the number of 
constituents decreased. The choice of the constituents 


should be made on the basis of the purpose of the program. 


If meteorological variables are to be correlated with 
the concentrations then gquantitative measurements of all the 
variables should be made. This would eliminate the need for 
subjective scales. Air-mass trajectories should aiso be 


included in such a program. 
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APPENDIX A. 


Sample Analysis. 


The chemical analysis of the wet and dry deposition 
Samples measured the concentrations of the major ionic forms 
of nitrogen and phosphorus; the common ions of silica, iron, 
chloride, sodium, and potassium; the sulfate ion;. and 
miscellaneous tests of water properties (conductivity, pH, 
total hardness, and total residue). Complete samples were 
filtered to obtain the "soluble" fraction with a 0.45ym 
membrane filter. Incomplete samples were analyzed according 


to the priority scheme (Fig- 3.3) Shown in Chapter three. 


The chemical analysis was performed by the University 
of Alberta Department of Zoology's water laboratory 
following the “Standard Methods for the Treatment of Water 
and Wastewater" of the American Public Health Association 
(1971). Table A-1 lists the methods used. A summary of the 
range and accuracy in the standard methods as well as the 


results of our test samples follows in Table A-2. 


Most of the results of ion analyses were expressed 
simply as measures of concentration. Since the measurement 
of phosphorus and nitrogen is so important in this study, a 
discussion of the forms analyzed follows. Also included is a 


brief summary of the miscellaneous water property tests. 
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Phosphorus occurs in water as the phosphate ion. This 
ion is classified into one of three major forms 
(orthophosphate, condensed or acid phosphate, and organic 
phosphate) on the basis of its reactivity with an indicator 
chemical, in these analyses stannous chloride. The analysis 
of the phosphate ion starts by determining the concentration 
of total phosphate. Polymeric phosphate ions and phosphate 
bound in complex organic compounds will not react with 
stannous chloride without pre-treatment. Acid hydrolysis 
breaks down these bonds, stannous chloride is added, and a 


colorimetric test determines the concentration of the ion. 


Orthophosphate is a single-bonded structure that will 
react with stannous chloride with no pre-treatment. 
Condensed phosphates are the polymeric chains and rings of 
phosphate ions that react after a persulfate digestion is 
performed. Although some of the tightly-bonded organic 


phosphate is released by the digestion, most remains. 


A second sample is analyzed to determine the 
concentrations of these forms. Orthophosphate is determined 
githpial colorimetric ttestaiwithi no pre-treatment. The 
condensed phosphate is treated first with a standard acid 
bath and then tested with the colorimetric test. The organic 
phosphate is calculated as the residual of the sum of the 
orthophosphate and acid phosphate subtracted from the 
previously calculated total phosphate. The filtrable or 


soluble phosphate tests are done in the same manner after 
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filtration. 


Total nitrogen is the sum of the total kjeldahl 
hitrogen, the nitrate ion, and the nitrite ion (Uttomark 
et al., 1974) The total kjeldahl nitrogen is a measure of 
the organically bound nitrogen. This fraction of the total 
nitrogen can be further divided into ammonia nitrogen and 
organic nitrogen. This is similar to the phosphate tests, 
iee., the organic nitrogen is bound too tightly to react. 
Nitrate is the most highly oxidized phase in the nitrogen 
cycle. Nitrite is a transition phase between nitrate and 


ammonia in the nitrogen cycle. 


The specific conductance is a measure of the capacity 
of the water to conduct an electric current. It isa 
function of the substances dissolved in the water, the 
concentrations and ratios of concentrations of those 
substances, and the ionic strength of the water. Distilled 
water will have a conductance of 2-4 ymhos cm-! after 
absorption of carbon dioxide and ammonia {American Public 
Health Association, 1971). The residue is a measure of the 
material suspended in the water. A sample is evaporated and 
weighed to determine the concentration. Specific conductance 


is closely related to total residue. 


The hardness of the water is a measure of the ability 
of the water to precipitate soap. Calcium and magnesium are 
the main ions causing precipitation. Measurement of hardness 


is also an indication of the concentration of aluminun, 
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iron, manganese, strontium and zinc. (American Public Health 
Association, 1971) . The analysis done in this study 
separated the total hardness into hardness as calcium which 


gives a rough breakdown of the ions present. 


The pH is a measure of the hydrogen ion concentration 
in a sample. This is important since acidic rain can be a 
major ecological factor (Gorham,1975) and- can vary the 
amount of orthophosphate in a sample (Murphy and Dosky, 


1975). 
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APPENDIX B 


Sample Concentration and 


Meteorological Parameter Comparisons 


Twelve variables were chosen to study the effects 
that the meteorological situation had on the sample 
concentrations. Some of the variables are not usable in all 
classes. Only variables 3,6,8,11 (Table B-1) were used for 
the dry-deposition samples. The snow-cover dry deposition 
and precipitation were not included because there were fewer 
than ten samples in each set. For the precipitation samples, 
the date of the sample (6) can be used to determine if the 
concentration of a sample is dependent upon a seasonal time 
factor in the summer, but it is not valid for samples in the 
winter. The variable 1 scale is high for snow and low for 
rain associated with synoptic features. Lightning has been 
postulated as a source for nitrogen (Hutchinson, 1944). 
Variable 2 scales storms on a qualitative intensity scale. 
The intensity and duration of Lightning associated with the 
storm determined the value assigned. High values were given 
to intense storms with a lot of lightning that passed near 


the sampler. 


The city may influence concentrations when a storm 
moves over an urban area incorporating particulates and 


gases or when urban pollutants are blown into the storm 
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Number Parameter Scale 
Maximum Minimum 
1 Type of precipitation snow rain 
(8) (2) 
2 Associated lightning intense none 
(9) (0) 
3 Collection site urban rural 
(S) (1) 
4 Storm trajectory rural urban 
(8) (2). 
5 Wind direction rural urban 
(8) (2) 
6 Sample date 31 Dec. 1 Jan. 
(Days) (365) (1) 
Vv Sanpling time Night Lay 
(MST) (2300) (0790) 
8 Contamination Dirty Clean 
(9) (1) 
9 Surface wind strength Strong Calm 
(ms~1) (20) (C) 
10 Start of precipitation (84.) (0) 
(hceurs) 
a Duration of sampling (24.1) (0. 1) 
(hours) 
ae Time since last precipitation (179.0) (0.0) 
(hours) 
(Huff, 1975). These effects were accounted for by grading 
storm characteristics such as movement (4), the wind 
direction at the surface during sampling (5), and the 


Table B-1 Correlation variables. 
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location of the sampler (3) according to the urban influence 


on each. 


Seasonal changes have also been noted (Fisher et al., 


1968). Variable 6 assigns each day with a number, 


consecutive from January first. Variable 7 is also a time 


variable, which measures diurnal effects. 
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The contamination problem was examined using variable 
8, which scaled samples on the basis of notes made during 
collection. The dry-deposition samples were considered 
highly contaminated when over 25 insects or bits of plant 
debris were in the sample after exposure and not all the 
fragments were removed before analysis. The main source of 
contamination in the precipitation Samples was dry 
deposition. The highest contamination value was given to a 
sample taken when winds associated with an intense shower 


blew dust onto the collecting surface. 


Strong winds at the surface entrain more particles 
which will increase the sample concentrations (Murphy and 
Dosky, 1975). Variable 9 was scaled using the Beaufort 
scale. Light winds were scaled low and strong winds were 


scaled high. 


Three precipitation time-dependent variables were 
included. Progressive washout within storms decreases the 
concentraticn with time since the precipitation started 
(Georgii and Weber, 1960). Variable 10 is the sampling time 
Since the start of precipitation. Dry-deposition and bulk- 
deposition sample concentrations increase as the duration of 
sampling increases. This effect was measured by variable 11. 
The concentration of rain samples increases with the time 
since the last significant precipitation (Georgii and Weber, 


1966), and is measured by variable 12 in this work. 
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Tables B-2, B-3, B-4, and B-5 list the significant 
(P<0.05) correlation coefficients for four sets of wet- and 
dry-deposition samples. The Significant correlation 
coefficients were determined using a t-test comparison 
(Weatherburn, 1949). These results should be used with 
caution because additional sampling could change the 
coefficients, not all the samples are independent which 
limits the sample size, and the choice of variables and 
values assigned were fairly arbitrary. These uecons 
decrease the significance of the relationships found 


(Panofsky and Brier, 1958). 
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Table B-2 Correlaticn ccefficients for precipitation with na-snow-cover. 


Total phosphate 
Orthophosphate 
Condensed phosphate 
Orqanic phosphate 


Piltered total 
phosphate 
Filtered ortho- 
phosphate 
Piltered condensed 
Phosphate 
Filtered organic 
phosphate 
Total kjeldahl 
nitrogen 
Filtered total 
kjeldahl nitrogea 


Ammonia nitrogen 


« 


Organic nitrogen 
Nitrate nitrogen 
Nitrite nitrogen 
Silica ion 
Iron ior. 
Chloride ion 
Sulfate ion 
Sodium ion 
Potassium ion 
Hardness as calcius 
Total hardness 
pH (H*ion conc.) 
Conductivity 
(Amhosca—!) 
Total residues 


Filtered residues 


Mean 
(ag 2-!) 
0.1731 
0.0174 
0.0655 
0.0605 
0.1391 
-9.C039 
0.9565 
0.9621 
0.6275 
0.4803 
0.3729 
0.2915 
0.1379 
9.€020 
0.9245 
0.2326 
2.2998 
2.75C0 
0.2652 


0.6174 


ire) 


DiS SESS: 
23.6046 
5.1222 
18.1284 
21.0582 


9.9225 


Stnd. 
Dev. 
0.1221 
0.0922 
0.0488 
0.0350 
0.1214 
0.0780 
0.0433 
9.1008 
0.6085 
0.5447 
0.5204 
0.3113 
0.0677 
0.C012 
0.2826 
0.2954 
1.1544 
3.4649 
4.4488 
1.1689 
1.4907 
18.846 
0.7215 
14,743 
16.354 


9.8567 
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Significant correlaticn coefficients 


8 
0.4936 


0.5695 
8 
0.5106 
2 
0.4995 
8 
0.5302 
8 
0.3937 
2 
0.4378 
8 
0.5417 
5 
-0.3273 
2 
0.4305 


7 
0.3964 


0.3133 


12 
0.3299 


-0.4611 
12 
0.5135 


2 
0.3515 
8 
9.3949 
2 
0.3729 
7 
0.2896 
5 
-0.4249 
2 
0.3465 
8 
9.3215 
8 
0.4214 
6 
0.3335 
2 
0.4521 


9.4565 


0.3423 


5 
-0.3043 

12 
9.3618 

12 
0.3499 


1 

0.3845 
5 

= Ofer Sitesi 


0.3595 


0.4110 


8 
0.32C€9 

3 
0.3160 


12 
0.3794 


0.2889 


us 
0.3141 


: 
-0. 2548 


3 
0. 2896 


3 
0.2936 

) 
-9.3015 


1 
0.3810 


€ 
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4 
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5 
-0.2926 


1 
0.3185 
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-0.3759 
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Table B-3 Correlaticn ccefficients for rain. 


mean Stnd. 
Total phosphate eI SDIGNOMOIs6O 
Orthophosphate 0.04830 0.0567 
Condensed phosphate 0.0624 0.0345 
Organic phosphate 0.0583 0.0262 
Piltered total 0.1274 9.0718 
phosphate 
Filtered ortho- 0.0335 0.0389 
phosphate 
Piltered condensed 9.0466 0.0261 
Phosphate 
Piltered organic 0.0539 0.0373 
phosphate 
Total kjeldahl 0.4214 0.3247 
nitrogen 4 
Filtered total 0.2795 0.2670 
kjeidahl nitrogen : 
Ammonia nitrogen 0.2190 0.1926 
Organic nitrogen 0.2114 0.2024 
Nitrate nitrogen 0.0991 0.0577 
Nitrite nitrogen 0.0016 0.0012 
Silica ion 9.9491 9.1926 
Iron ion 0.1443 0.1576 
Chloride ion 2.2864 1,3737 
Sulfate ion 1.3200 2.7173 
Sodius ion 0.3360 0.5635 
Potassium ion 0.5640 1.9453 
Hardness as calcius 0.0 -0.0 
Totel hardness 22.347 18.9548 
pH (H*ion conc.) 5.385 0.6830 
Conductivity 11.628 7.4833 
(athosco-?) 
Total residues 29.396 15.1776 
Filtered residues 8.967 10.1336 


Significant correlation coefficients 


CRC C AN ene eee ee Cr ne SMe re ere eee eet en 


10 1 4 
-0.6427 -0.5974 0.4395 


6 , 8 12 
-0.5203 0.44604 0.4040 
6 41 
-0.4989 -0.4282 
10 12 } 3 
-6.5038 0.4389 0.4154 -0.3862 
6 
-0. 6458 
5 12 


-0.5821 0.4755 


12 9 5 
C.5225 -C.4433 -0.3990 
6 
-0.6423 
1 10 5 
0.4871 0.4822 -0.4642 
11 6 5) 
0.7685 0.4687 0.3967 
4 5 10 
-0.6394 -0.5370 0.4721 
4 
-0.4437 
1 6 10 
0.6512 0.4704 0.4516 
6 1 10 11 5 


-0.6051 -0.4589 -0.4368 -0.4045 -0.3895 
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Table B-4 Correlaticn ccefficients for ccnvective showers. 


ee 


Mean Stnd. Significant correlaticn coefficients 
(mgf-') Dev. 
Total phospkate 0.1889 0.1535 12 g 
0.9588 0.8411 
Orthophosphate 0.9529 0.0868 Ws 8 
0.9539 9.8421 
Condensed phosphate 9.0779 0.0461 8 12 
0.7857 0.7290 
Orqanic phosphate 90.9€32 9.0432 12 2 7 8 6 
C.6946 -0.4869 -0.4839 06.4419 -0.4256 
Piltered total 0.1531 0.7605 12 8 
phosphate 0.9613 0.93€4 
Piltered ortho- 0.0319 0.0736 12 8 
phosphate 0.9571 0.9286 
Piltered condensed 0.0780 0.0290 12 8 
Phosphate 0.7159 0.6967 
Piltered organic 0.0720 0.171452 Ue 8 
phosphate ; 0.9551 0.9306 
Total kjeldahl 0.8794 0.7606 12 8 
nitrogen ae 0.9019 0.7612 
Filtered total 0.7347 0.6830 Ws 8 
Kjeldahl nitrogen 0.8997 9.8527 
Ammonia nitrogen 0.5520 0.6830 12 8 
C.8428 0.7998 
Organic nitrogen 0.3894 0.3844 2 9 
-0.5510 -0.4438 
Nitrate nitrogen 0.1805 0.0951 12 4 2 8 
0.5833 -0.5£475 6.4935 6.4659 
Nitrite nitrogen 0.C024 0.001% é 
: 0.4230 
Silica ion 0.89494 0.3613 16 ie 8 6 
- -0.5791 0.5735 0.5643 -0.5035 
Iron ion 0.3418 9.37890 12 3 
z 0.8968 3.8928 
Chloride ion PRS WOE: iG T LIES! 
Sulfate ion 4.6316 3.9631 12 8 4 
0.8256 0.7737 -0.5984 
Sodium ion 0.7810 9.2239 12 8 9 
Ooo suamO. Sats) POsdsits 
Potassium ion 0.6810 1.2978 12 8 4 
0.8240 0.7929 -0.4479 
Hardness as calciua 0.7000 2.19C€0 12 8 4 
0.9477 0.9288 -9.5C€92 
Total hardness 25.05C0018.6158 1 
-0.4488 
pH (H*ion conc.) 4.8086 0.6357 8 4 5 12 3 
0.5578 -0.5271 -0.4977 0.4801 0.4710 
Conductivity 25.8666 17.299 V1 10 12 
(pmhosca-t) 0.6613 -9.4801 0.4544 
Totai residues Psi irishe) “Urers|S) 12 8 
0.6376 0.5311 
Filtered residues 1.1500 9.3466 2 ° 
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Table B-5 Non-snowecover dry deposition 


Total phosphate 
Orthophosphate. 
Condensed phosphate 
Organic phosphate 
total phosphate 


Piltered ortho- 
phosphate 

Filtered condensed 
phosphate 

Piltered organic 
Phosphate 


Total kjeldahl 
nitrogen 
Piltered total 
kijeldahl nitrogen 
Ammonia nitrogen 


Organic nitrogen 
Nitrate ion 
Nitrite ion 
Silica ion 

Iron ion 
Chloride ion 
Sulfate ion 
Sodium ion 
Potassium ion 
Hardness as calcium 
Total hardness 


pH (H*ion conc.) 


Conductivity : me 


(Amhosca-?) 
Total residue 


Filtered residue 


Mean 
(mgf-! 
0.1093 
9,.08€8 
0.1071 


0.1200 


~ 0.0415 


0.9429 


0.6429 
0.2369 
C.2z974+ 
0.4386 
9.C€300 
0.0925 
0.1829 
6.0993 
2.2143 
2.3077 
0.0846 
0.1714 
062143 
9.7143 
4.2843 
13.664 


5. 1500 


25.260 


Stnd. 
Dev. 


mc TOM OSG ai 


0.1070 
0.1052 
0.0855 
0.1364 
0.0503 
0.0416 
0.081) 
9.5146 
0.1803 
0.2761 
0.4965 
0.0446 
0.0016 
0.1731 
0.0904 
2.1503 
2.1974 
0.1099 
0.1943 
0.7726 
7.9231 
2.7664 
2.9942 
4.2750 
2.8941 
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Significant correlaticn coefficients 


3 8 
-0.6028 9.5352 


5] 
-0.6078 

6 3 
-0.6256 -9.5296 

3 Filtered 
-0.5485 


8 
0.5046 

3 
-0.5016 


6 
0.6189 


0.8340 0.6537 
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APPENDIX C 


Sample Concentration Data 


This appendix lists all the wet- and dry-deposition 
data. Table cC-1 lists the physical wet-deposition sample 
data and Table C-9 the dry-deposition sampling data. The 
wet-deposition analysis results are listed in tables C-2 
through C-7. The dry-deposition analyses are listed in Table 


C-10. Table C-8 lists the averages calculated by sites. 


The following conventions were followed in the data 
presentation. The symbol xx represents a constituent not 
analyzed because of a small sample volume. A concentration 
of 0.0 represents a constituent below the limit of detection 
and does not imply that the constituent was not present in 
the sample. The dry-deposition negative numbers indicate 
that the test sample concentration was larger than the 
concentration after exposure. The phosphate concentrations 
followed a special convention. Negative numbers in the wet- 
deposition data represent concentrations below the limit of 
detection. These samples were assigned a concentration of 
0.005 mgf-! for further analysis. Note that in the dry 
deposition corrections the value 0.005 has already been 


assigned to concentrations below the limit of detection. 
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Sample 
number 


34 
35 
46 
Sve 
58 
9 
60 
68 

4 

6 
14 
20 
23 
Phe: 
4&2 
43 
49 
50 
51 
SZ 
Ss 
70 
74 


Table C-1 Physical data for samples, 


Site 
number 


WWWW WW WW Www WWW WWM NNMDYMNNNYDHNNNNND S a ao AB ooo 


Date 


6-7-75 
6-7-75 
18-7-75 
28-8-75 
28-8-75 
28-8-75 
28-8-75 
28-10-75 
17-5-75 
23-5-75 
6-6-75 
13-6-75 
27-6-75 
27-6-75 
17-7-75 
17-17-75 
2-8-75 
2-8-75 
2-8-75 
5-8-75 
5-28-75 
3=12-75 
27-2-76 
15-5-75 
15-5-75 
15-5-75 
23-5-75 
24-5-75 
6-6-75 
26-6-75 
27-6-75 
27-6-75 
17-8-75 
17-8-75 
20-8-75 
4-10-75 
4-12-75 
29-12-75 
28-2-76 


Time period of 
sample (MST) 


1550-1605 
1605-1635 
2105 2200 
NICO 195 
13925-1945 
1945-2000 
2000-2030 

=1130 
1235-1250 
1045-1215 
0800-0820 
8015-4320 
0630-0830 
1245-1545 
1730-1900 
G305=1:30 
1620-1626 
1626-1634 
1634-1650 
1925-2900 
2000-2025 

-1200 

-1324 
1810-1850 
TOONS 
2020 =2A Lo 
0645-0713 
1630-1747 
0657-0715 
2145-2220 
2220-0710 
0740-1145 
6902-1935 
1835-2230 
19172-2006 
0810-1010 

=2 ao 

-1830 

-2000 


Type of 


precipitation 


shower 
shower 
rain 
shower 
shower 
shower 
shower 
snow 
hail 
rain 
shower 
rain 
rain 
rain 
rain 
rain 
shower 
shower 
shower 
shower 
shower 
snow 
snow 
rain 
rain 
rain 
rain 
rain 
shower 
rain 
rain 
rain 
rain 
rain 
shower 
rain 
snow 
snow 
snow 
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Table C-1. Physical data for samples (continued) 
—0—0000900SSS ZZ 
Sample Site Date Time period of Type of 
number number Sample (MST) precipitation 

DES en SS EP ae hE ee ee eee 

7 4 23-5-75 111524225 rain 
Zn 4 13-6-75 1040-1245 rain 
Ze 4 27-6-75 0715-0800 rain 
24 4 27-6-75 1345-1515 rain 
69 4 3-12-75 -1130 snow 
163) 4 28-2-76 -1230 snew 

8 5 24-5-75 1435-1620 rain 

9 5 24-5-75 1620-1815 rain 
37 5 16-7-75 1805-1810 shower 
38 5 16-7-75 1810-1815 shower 
39 5 16-7-75 1815-1830 shower 
40 5 16-7-75 1830-1840 shower 
44 5 16-7-75 1840-1850 shower 
48 5 31-77-75 2005-2025 shower 
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Table C-2. Wet-deposition phosphate concentrations (mg9-') 
listed by sites. 
SS Se a a IY Ue, SL ee 
—————— 
Sample Site Total Ortho Condensed Organic 
umber  # Phosphate Phosphate Phosphate Phosvhate 


35 1 0.81 0.4 - 0.24 0.17 
46 1 0.09 <0.05 <0.05 0.09 
ay 1 0.18 0.06 0.04 0.08 
58 1 0.15 0.05 0.04 0.06 
59 1 0.141 <0. 05 0.08 0.03 
60 1 0.16 <0.05 0.08 0.08 
68 if 0.43 0.13 0.11 0.19 
14 2 0.22 0.07 0.07 0.08 
20 2 0.12 <0.05 0.10 © 0.02 
23 Z O513 <0.05 0.05 0.08 
25 2 0. 13 <0.05 0.06 0.07 
42 iz 0.09 <0.05 0.06 0.03 
43 2 0.10 0.05 0.0 0.05 
49 2 0.13 <0.05 0.10 0.03 
50 2 0.10 <0.05 9.10 0.0 
51 2 0.11 <0.05 0.07 0.04 
52 2 0.20 0.05 0.12 C.08 
o3 2 0.74 <0.05 0.11 0.03 
70 2 0.20 <0.05 0.09 0.11 
74 iz 0,38 0.05 0.13 0.20 
1 3 0.25 0.10 0.08 0.97 
2 3 0.32 0.15 0.09 0.08 
3 3 0.20 0.07 0.11 0.02 
> 3 0.06 <0.05 <0.05 0.06 
10 3 0.30 0.13 0.11 0.06 
A3 3 0.27 0.08 0.02 0.17 
26 3 0.12 <0.05 0.06 0.06 
zi 3 0.14 <0.05 0.07 0.07 
28 3 0.10 <0.05 0.05 0.95 
54 3 0.12 <0.05 Oranial 0.01 
55 3 0.07 <0.05 0.05 0.02 
56 3 OST9 0.05 0.07 0.07 
65 3 0.12 <0.05 0.07 0.05 
72 3 0.28 <0.05 0.13 16 Bs 
£ 3 0.12 <0.05 0.09 0.93 
76 2 0.19 <0.05 0.12 0.07 
21 i 0.18 0.05 0.04 0.09 
22 4 0.40 0.21 0.09 0.1C 
24 4 0.22 0.08 0.06 0.08 
69 4 C315 <0.05 0.15 0.0 
m5 54 0.14 <0.05 0.06 0.08 
8 = 0.21 0.08 0.05 0.98 
9 5 0.13 <9.05 0.11 0.02 
zl 5 0.18 0.07 0.05 0.06 
38 6) 0.13 0.05 0.04 0.04 
39 5 0.196 <0.05 0.08 0.02 
40 5 0.14 <0.05 0.07 0.07 
41 5 0.08 <0.05 0.05 0.03 
48 2O*#&S 0.19 0.08 0.05 0.06 
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Table C-3. Wet-deposition filtered phosphate concentrations 
(mgf-!) listed by sites. 


Sample Site Total Ortho Condensed Organic 
Number # Phosphate Phosphate Phosphate Phosphate 
Filtered Filtered Filtered Filtered 


35 4 0.76 0.31 0.16 0.6C0 
46 1 0.08 <0.05 <0:;,05 0.980 
58 1 0.11 <0.05 0.08 0.030 
59 4 0.C9 <0.05 0.05 0.040 
60 1 0.16 <0.05 0.08 0.080 
68 1 0.4 <0.05 0.10 0.30 
74 3 0.13 <0.05 0.07 0.060 
23 2 0.07 <0.05 <0.05 0.070 
25 9) 0.08 <0.05 ERE H 0.080 
42 2 05a2 9.05 0.96 0.9010 
43 > 0.40 0.05 0.02 0.040 
49 2 ¢.c8 <0.05 0.08 O50 om 
50 2 0.08 <0.05 0.07 0.010 
51 2 C.06 <0.05 We HK A A oe He Je oe ok OK 
52 2 0.18 <0.05 0.12 0.060 
53 2 0.13 <0.05 0.08 0.050 
74 2 0.18 <0.05 0.15 0.030 
4 3 0.24 0.07 0.07 0.100 
2 3 O32 0.13 0.06 0.130 
3 3 OZ 0.06 0.07 0.040 
5 3 9.06 <0.05 <0.05 0.060 
10 3 0.27 0.09 0.06 0.120 
6 3 0.82 Sek aH % oe ae a eK 
27 3 0.10 <0.05 0.05 0.050 
28 3 0.16 <0.05 0.95 0.050 
54 a 0.11 <0.05 0.09 0.920 
ec 3 0.06 <0.05 0.05 0.010 
Ne 3 Ont 0.05 0.04 0.020 
65 3 0.10 <0.05 0.07 0.010 
72 3 0.28 <0.05 0.2 0.160 
73 3 0.41 <0.05 0,08 0.030 
76 3 0.15 <0.05 0.11 0.040 
32 a 0.16 0.07 0.02 0.070 
a 0.14 <0.05 0.08 0.060 
aS 4 0.08 <0.05 0.07 0.010 
9 5 0.09 <0.05 0.05 0.930 
37 5 0.18 0.04 0.07 0.070 
38 5 0.09 <0.05 0.09 0.0 
39 5 0.10 <0.05 0.07 0.030 
40 2 0.08 <0.05 0.07 0.010 
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Table C-4. Wet-deposition nitrogen concentrations (mg Q-') 
listed by sites. 

Sample Site Total Total Ammonia Organic 

Number f Kjeldahl Nitrogen Nitrogen Nitrogen 


Nitrogen Filtered 


34 1 oe 2k ek eK a 1.90 Hea oh 
35 1 3-42 209 Ze £0 0.742 
46 1 0.32 0425 0.10 0.22 
S57 1 0.68 0.62 0.09 0.59 
58 1 0.71 0.70 0.07 0.64 
59 1 0.38 0.38 0.39 0.08 
60 1 0.41 0..35 0.05 0.36 
68 1 0.55 Cn 54 0.52 0.30 
14 2 Oe S2 0.41 0. 27. 0.25 
20. 2 0. 17 a aK IK On 7 0.0 
23 2 OC. 0.905 0.06 0.01 
25 2 0.18 0.016 0.06 On 12 
42 2 0.46 0.40 Oma 7 0.29 
43 2 0.56 0.45 0.28 0.28 
4g 2 0.91 0.83 0.80 0.11 
50 2 0.67 On 0.55 0.12 
51 2 OS 53 a oe ok 0.40 Osis 
52 2 ThetS 1.67 1.690 0.15 
53 2 0.56 0.47 0.40 0.16 
70 2 0.40 Hee 0.40 20.0 
74 4 0.36 0.21 0.02 0.34 
1 3 Qeea2 Owe 05:25 0.67 
2 S| 6.58 0.48 0.40 0.18 
3 3 Vas 1.16 0.890 0.45 
5 3 ae ak ak a ee 0.74 ak 6 9 aie ake 
10 3 0255 0.24 0.30 0.25 
43 3 ak a ak ok wee eK aK ous ke. See a see 
26 3 Os tz 0.03 0,06 0.06 
Zt 3 0.28 0.09 0.12 0.16 
28 3 0.02 0.02 0.02 0.0 
54 3 0.45 0.40 6.40 0.05 
55 5 0.16 0.743 0.10 0.06 
56 3 0.62 0.62 0.09 0.53 
65 3 0.24 LO rspet Rey 0.04 0.20 
a2 3 0.0 0.0 0.0 0.0 
73 3 0.12 0.0 0.10 0.02 
76 Ss 0.0 0.9 0.04 0.0 
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Table C-4. Wet-deposition nitrogen concentrations (mgQ- 1) 
listed by sites (continued). 

Sample Site Total Total Ammonia Organic 

Number # Kjeldahl Nitrogen Nitrogen Nitrogen 


Nitrogen Filtered 


21 4 0.32 ea ok Oui 0.20 
22 4 0,76 0.05 0.60 0.16 
24 4 1.04 Ranax O23 0.81 
69 ‘ 0720 0.20 0.17 0.03 
Jac 4 0.44 0.33 G.02 Onu2 

9 3) 0.35 0.32 Ce12 0.23 
37 5 4.25 0.62 0.18 4.07 
38 a) 0.61 0.45 Oe 17 0.44 
39 5 0.36 0.36 0.30 0.06 
40 5 0.35 0.26 0.25 0.10 
41 5 0.22 He a 2 2k ok 0.20 0.02 
48 5 


1.88 dad cha Tas 0.40 1.48 
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Table C-5. Wet-deposition nutrient ion concentrations 
(mg2-!) listed by sites. 


Sample Site Silicon Iron Chloride Sodium Potassiun 


Number # ion ion ion ion ion 
34 1 2.00 BK 2.45 0.80 6.20 
me fe) 1 0.35 | aS s Nee 0.40 1.90 
46 1 1507 0.23 2.64 0.0 0.0 
5g 1 04:27 0647 2420 0.10 0.40 
58 1 0.52 0.10 3.08 06.0 0.40 
sy) 1 0.99 0507 22548 0.0 0.30 
60 1 0.24 06.12 2.54 0.10 0.40 
68 1 0.24 0.54 0.69 0.00 0.03 
& 2 ee a a 2 wt a oe 2.98 0.40 0.90 
6 P ak KK ake ae a ak 2235 2.60 54:20 
14 2 0.94 06:11 0.88 0.20 0.20 
20 2 0.90 Rea ke 2.40 0.0 0.0 
23 2 0.90 0.06 2.54 04.20 0.50 
25 2 0.95 0.04 1.66 0.30 0.0 
&2 2 0.94 0.20 4247 0.50 0.40 
43 2 0.92 9.11 2.00 0.0 0.10 
49 2 0.91 0.25 1.96 0.30 0.50 
50 2 0.94 0.30 1.56 0.50 0.30 
51 2 0.90 O31 1.86 0.30 0.20 
52 2 0.94 0.37 2.15 0.20 0.50 
53 2 0.90 0.12 2.54 0.0 0.20 
70 2 On t7 05:07 2.45 0.0 9.20 
74 2 O05 .23 0.04 2618 0.0 2.30 
1 3 720 0.54 0.69 0.0 0.60 
2 3 Toni O22 9.0 650 0.60 
3 3 Are, Oc 0.93 0.9 0.60 
5 3 0.87 0.02 4221 0.60 0.0 
10 3 aE 0.10 1.96 0.10 0.20 
13 3 ak a a ak oe 4 ak 2, 81 0.0 On10 
26 3 0.90 0.05 25.25 0.10 0.20 
27 3 0.90 0.03 5.18 0.10 0.10 
28 3 0.83 0.02 5.58 0.20 0.20 
54 3 0.95 0.04 5.38 0.0 0.30 
55 3 0.85 0.02 2.93 0.0 0.0 
56 3 1.20 0.54 2.69 0.0 0.50 
65 3 0.21 0.04 3.03 0.10 ¢.20 
72 3 O27 0.02 2.45 eet) 0.20 
73 3 0.33 0.25 5.63 0.40 0.0 
76 3 0.25 0.36 1.09 0.0 0.0 
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Table C-5. Wet-deposition nutrient ion concentrations 
(mgg-1) listed by sites (continued). 


Sample Site Silicon Iron Chloride Sodium Potassiua 


Number  # ion ion ion ion ion 
¥ 4 ia ME Hk 2.98 0.50 1.70 
21 4 Fy gad ee 0.93 0.10 0.10 
22 & 1.08 0.17 9.88 0.40 0.30 
24 4 Ajo 0.25 1.81 0.40 0.30 
69 4 0.17 0.02 At2.2 0.0 0.0 
75 4 0.17 0.902 Bie? 1.40 1290) 
8 5 0.98 0.05 1.81 1.40 1.70 
9 5 0.91 0.06 1.81 0.80 0.70 
37 5 1.03 O55 0.98 0.0 0.20 
38 5 1.04 0.32 1.86 0.0 0.10 
39 5 0.79 0.28 2.84 0.0 0.10 
40 5 0.85 0.12 4.40 0.0 -0.0 
41 5 0.78 0.28 2.84 0.0 0.10 
48 5 ak a ae a He Hak ok 0.50 0.80 
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Table C-6. Wet-deposition water properties (mgf-1!, unless 
noted) listed by sites. 


Sample Site Hardness Total Conduc- Total Total 


Number # as Hardness tivity Residue Residue 
Calciun umhos en) Filtered 
34 1 750 24.0 46.8 60.6 SOR 
35 1 70 32.0 43.6 51.9 2255 
57 1 0.0 14.0 27.9 12.0 Lest 
58 1 0.0 15.0 20.0 8.0 0.6 
59 1 0.0 26.0 13.6 10.5 Heke ae a 
60 1 0.0 71.0 9.6 0.5 0.0 
68 i O20 14.0 8.2 765 20” 
& 2 EK ORK 3K 9K KK 14, 2 He Kk 3 He ke 3 aK 
6 2 We RE Ke Hk 3c KK 3K 33.8 mK XK 3K HK OK 
14 2 0.0 ATE 44.0 260 0.3 
20 2 0.0 23.0 122 aa 2 ae aa 
23 2 0.0 14.0 3.4 34.4 3057 
25 2 O50 14.0 Tes WaAS oe 6.8 
42 2 0.0 54.0 6.2 16.0 9.3 
43 2 0.0 33.0 18.0 26.0 9.0 
49 2 0.0 24.0 19.9 8.2 6.6 
50 2 0.0 19.0 lid so (ORY. 10.5 
51 2 0.0 23.0 2085 3.0 KK 
52 2 0.0 29.0 38.0 23.8 23-2 
53 « 0.0 2720 25.0 20.0 20.7 
70 2 0.0 12.C 15.2 Ques ates 
74 2 0.0 4.0 3.0 29.3 a2 
1 3 0.0 12.0 9.0 53.0 28.1 
2 3 0.0 4.0 12)..0 26.9 15.2 
) 3 0.0 6.0 17.0 6.8 0.2 
5 3 0.0 6.0 2.5 25.6 7.0 
10 3 0.0 23.0 4.4 2.6 0.6 
13 3 0.0 8.0 Blac 10.5 ek ke 
26 | 0.0 8.0 9.3 33.6 30.8 
27 3 0.0 60.0 7.4 6.2 4,3 
28 3 0.0 10.0 2.8 BAe yt 
54 3 0.0 16.0 22.0 8.5 5.2 
55 3 ek RK 37.0 4.8 2.8 267 
56 2 0,0 10.0 84.4 S60 5.6 
65 3 0.0 34.0 9.8 0.3 be? 
Te 3 0.0 70 4.8 14.6 8.4 
73 3 O50 0 3.3 18.8 15.5 
76 e) 0.0 8.0 2.9 26.1 9.8 
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Table C-6. Wet-deposition water properties (mg2-1!, unless 
noted) listed by sites (continued). 


Sample Site Hardness Total Conduc- Total Total 


Number # as Hardness tivity Residue Residue 

Calicium (rshoscm') Filtered 
7 4 ae a ak ok ee ak ity hee fe IK Ik AK 2 
21 4 0.0 17.0 oiete 2.0 0.0 
ez 4 0.0 9.0 8.8 30.7 0.0 
24 4 0.0 16.0 14.4 50.9 4 He ok 
69 & 0.0 26.0 Leo 4.2 3k He 
75 4 0.0 10.0 4.9 USIAS: 10.8 
8 5 0.0 7.0 29.0 eee aa 
9 5 0.0 7.0 5.4 26.3 0.2 
37 5 0.0 99.0 De D 26.2 Ziw2 
38 5 0.0 38.0 11.4 11.4 10.0 
39 5 0.0 Riviec0 A565 32.4 7.1 
40 5 0.0 £260 W262 49.5 asl / 
41 5 0.0 16.0 1505 32.4 Hk He 
48 5 0.0 30.9 13.6 % & & HX 
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Table C-7. Wet-deposition miscellaneous constituents (mgQ-1) 
listed by sites. 
Sample Site Nitrate Nitrite Sulfate pH 


SNUB Dere ive “eons Monte Sion eee 
34 1 0.30 ##exx 17.00; 6.38 
35 1 O>341" 0 7002 11.00 5.48 
46 1 071.205 050.04 4.00 4.88 
od 1 9.39 0.004 5000 “ova 
58 1 0.26 0.003 5.00 4.89 
59 1 0.16 0.001 *4eee —5T28 
60 1 OST 0.002 5.00 5.26 
68 a 9.10 0.009 5.00 6.14 

he 2 gO Rok ae ak 6.00 6.41 
6 2 et 2 ae eee 7.00 6.13 
14 2 05:41.17*.0 [0.02 0.0 4.57 
20 2 0 205°2)0 2004 0.0 4.77 
23 2 0.0410 fo0n 0.0 4.72 
25 2 0 £0712 0 £0.01 0.0 5.16 
42 Z 0.95 0.002 1900" 5823 
43 2 0.08 0.002 4.00 4.55 
49 2 On 1020002 1/00. 3.93 
50 2 9.09 0.003 0.0 4,64 
51 2. 0.09 0.003 25000) eng 
52 2 0.33 0.005 7.00. “4234 
53 2 O22 04005 3.00 4.46 
70 2 0.52 0.005 0.0 4.90 
74 fe 0.09 0.062 0.0 6.53 

1 3 0-477 0.006 0.0 6.45 

2 3 02120002 0.0 5.78 
3 3 0.20 0.004 0.0 5.65 

5 3 O.09.50.003 0.0 6.05 
10 3 0.05 0.001 0.0 6.19 
13 3 0.25 0.0008 6.00 4.30 
26 3 0.07 0.001 9.0 4.93 
27 3 0.04 0.001 0.0 4.99 
28 3 0.06 0.001 0.0 5.57 
4 3 0.25 0.002 1.00 4,56 
55 3 0.10 0.002 0.0 5.22 
56 3 0.13 0.003 5.C0 3.94 
65 3 0.10 0.001 2.00 5634 
72 3 0.10 sakes 9.0 6.63 
73 3 02079702001 0.0 5.85 
16 3 0.08 0.002 0.0 6.61 
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Table C-7. Wet-deposition miscellaneous constituents (mgf-1) 
listed by sites (continued). 


—— COC ere eee 
TY 
a nae 


Sample Site Nitrate Nitrite Sulfate pH 


Number # Ion Ion Ton 

7 4 tt? eee Ss 6.00 6.41 
on 4 7.06 0.007 0.0 4.92 
22 4 0.08 0.001 9.9 SPaS iE 
24 4 Ceo 04 O02 0.0 4.°9 
69 4 W600 60.002 0.0 4.54 
Le) jas Come Oe 003 0.0 6.44 

8 5 cit. eee es 4.00 6.81 

3 5 0.20 9.0008 9.0 6.00 
37 5 Cea. GOZ 5.00 4.62 
38 5 0.09 0.002 Pd WV) 4.69 
39 5 Omer 20 s00d 4.00 4.70 
40 5 0, 14267004 0.0 4.77 
41 5 G.068)" 0.001 4.00 4.70 
48 5 0.17 44%%% weeee 4 UY 
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Table C-8 Wet-deposition averages listed by site. 
(All concentrations listed in mg%-! unless otherwise noted.) 


Constituents Site 1site<27Site-3>sitessositexs 
Total phosphate Oe. 290" Usloo | 0,176. 0.216, 001485 
Orthophosphate 0. 087 ™507020 0.039 0.070 0.037 
Condensed phosphate 0.081 0.082 0.077 0.080 0.062 
Organic phosphate 0.085 0.063 0.065 0.070 0.047 
Total Kjeldahl nitrogen ~ 0.987-7"0.549. 07354 0.552" 0.717 
Ammonia nitrogen 0. /5G*"0.398 § 0.190 0.228 0.231 
Organic nitrogen OSes ae. No leeOero, 40s 228°) 05435 
Nitrate nitrogen 0.260 0.742 0.714 0.202 0.133 
Nitrite nitrogen 0.002 0.002 0.002 0.002 0.002 
Sitica ion OsooG "Stl o.795 0.637 —05917 
Iron ion eames lO omrOet og Ost loe 0.239 
Chloride ion 22.065 es eeroo 1.048) (2,563 
Sulfate ion USES APE OL Dy A ASS he BS 88) 2.714 
Sodium ion On200 20.561, 7000 “O. 867 706337 
Potassium ion Teed Pie0. 767s Onze?) OS 717* 0.462 
Hardness as calcium 2.00 0.0 0.0 0,0 0.0 
Total hardness 21.9 ace SD 15.4 56 2905 
Pom(Logvot. 4 OR Conc.) 5.27 4.98 ae 50 5.44 5.09 
Conductivity ( mhos) 24.3 1867 Is: AZo 29.7 
Total residue 2o810 17.6 19.1 21.4 PRET | 


Filtered samples 


Total phosphate O.216' 0,110 0. tos (0..127 0.108 
Orthorhosphate 0.063700) OAS 106032, 10.027 "0.012 
Condensed phosphate 0.069 0.073. 0.066 0.057 . 0.072 
Organic nitrogen 0.742 0.941 0.060 0.047 0.9028 


Total kjeldahl nitrogen 0.878 0.496 0.256 0.193 0.402 
Total residue 6.05 ee etd S560 3.60 13.0 
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Table C-9 Dry-deposition sample data. 


Sample Date Site Length Contamination 
Number Collected Exposed 
(hours) 
1a 2-6-7175 a 60.8 3 
16 VO=6 119 3 24.8 S 
17 10=6=75 4 27.4 a 
18 10-66-75 i 29.5 5 
30 Ori 5 3 140.1 U 
31 Ga 7-75 “ 54.4 5 
32 4-7-75 2 a2es 7 
35 G=7 = 75 1 50.8 9 
62 Zu-9-75 4 121.0 5 
63 24-9-75 1 118.9 a 
67 12-10-75 —3 104.3 4 
84 t—G=75 3 71.8 1 
86 29-4-76 1 45.3 3 
87 2-4-7176 1 77.0 4 
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